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Fabrication of Photonic Quasicrystals using
Multiple—exposure Holographic Method
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Abstract

Two-dimensional photonic quasicrystal (PQCs) template patterns have been fabricated on a 1.1 m
~thick DMI-150 photoresist using a multiple-exposure holographic method. A 442-nm HeCd laser was
utilized as a light source and the holographic exposure was carried out at a fixed angle of € = 6°.
After the first holographic exposure, the sample was rotated to a proper angle and the second
exposure was performed to the same manner. This exposure process was repeated n/2 times to obtain
n-fold symmetric PQC patterns and then the sample was developed. The diffraction patterns of the
fabricated PQC template were observed using a 632.8-nm HeNe laser. The fabricated PQCs exhibited
8, 10 and 12-fold rotational symmetry, which was in a good agreement with the interference simulation
results. In addition, the diffraction patterns with n-rotation symmetry were observed for the corresponding
n-fold PQCs. We believe that the multiple-exposure holography is a good method to fabricate the
mesoscale PQCs with a high rotational symmetry.
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Fig. 1. Schematic diagram of © and ~y-rotation
stages for the multiple exposure
holography.
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(a) The intersected interference patterns
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Fig. 4. SEM images and simulated result (inset)
for (a)10- and (b)12-fold PQC patterns.
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Fig. 5. Diffraction patterns for (a) 8-fold, (b)
10-fold and (c) 12-fold PQC.

A #zg 8-fold, 10-fold, 12-fold PQC templateol
632.8 nm 3732] HeNe #o]HE 202 {IAMA
A yhAlEo] Yo 3™ wEle olnAE Y 5
of Bt AFE PQCe %<& AR
3o 34 die =3 FHOZHE ME g A
719] spot seriesE Zi= 8, 10, 12-folde] 3]H o)A
< vehd S o & gk PQCe 34 el Mg
g HER A o= HelA PCe 3HE )
A[78]3 Hl=3M A9 PCE ¥A dAAL Hole
v FA4 L 43 dAdEg =22 3d g3
B FErhe HelA AAel 3)d sens 3



TFE . a9 Se)dlA B ukel o] 12-fold
AN E oFH FHezvy Wopite F
34 AEn A WA 2 9¢ ok 3F He
e £ e 12-fld 34 BES ¥ 5 A
ot #7114 F28 2: 249 33 A”ANE
ol B 4 9l PQCY F F71% B F7) 72
o o8 Uyehte EXg 34 fue 54 3
PR

4. & E

FAAA(PCs)e AdAor & ZHE iy
=49 daAda o mE FA FFA ool
AR E EAdTe @4 EAE F5E3I 4
g digtez e FAEE dudAaE FA W=
£ Ze FAFZAAPQCs)e] &g digtez o
o2 9t}

2 =RdAe 4F EM9 AYE 3 Ho| 7t
A ate] tF E2aetuyE o] &ste] FAA Al
H(DMS-150)9] Bd4e =& AIZHE ZAFPo=
% 8, 10, 12-fold9] 23¢9l PQCs E& |2ate]
ovl AL 7HA 3 diHEAH 244 PQCs Az
o] 7tEd 71& F9 Ut dF F2aevyy
€ HAY. A8 AL FPsA AjFozH
5 I AL e £244 ddg AR F
gAen x=F At FFL zHEFoZH L3}
 FAEE Ze dE s A3 5 o

olu] o A3 ZAzle] <3 ¥z Penrose
tiling® Amman-Beenker tiling®t Z& HF7] €
48 F2E o &3t AZFE 2349 PQCs T&x7}
2e 24& EFAAAME FA WE=ERE A=Az
Zo] tF EF=aduyd o) Ay =44
= =g a2 54L& FE38 Jdebd zlotam 4
FH, B A3 aFoMEe ¥& aspect ratio 7]
T oA 7l 47 Fo 9lew FDTD(finite
difference time domain) Al &#o]4 E3} o2 =
A A E ol gt Ay F2F sde B3y
5A4E motslr] 9% A7t A= it

zAtel 2

2 d7e ALY A< YAA(RTI
04-03-03) A9z FHHAAUT. & A7 g
=S £ u5UAAAR BK2l 71T ux= A
spebaA Aliekel] RS 28E ="y

A7 AAA BT S =5, A21Y A9F, 2008 94

Zan 28

[1]1 E. Yablonovitch, “Photonic crystals”, Journal
of Modern Optics, Vol. 41, No. 2, p. 173,
1994.

[2] E. Yablonovitch, "Photonic band-gap crystals”,
J. Phys.: Condensed Matter, Vol. 5, No. 16,
p. 2443, 1993.

[3] Y. S. Chan, C. T. Chan, and Z. Y. Liu,
"Photonic band gaps in two dimensional
photonic quasicrystals”, Phys. Rev. Lett.,
Vol. 80, No. 5, p. 956, 1998.

[4] M. E. Zoorob, M. D. B. Chariton, G. ]J.
Parker, J. ]J. Baumberg, and M. C. Netti,
"Complete photonic bandgaps in 12-fold
symmetric quasicrystals”, Nature, Vol. 404,
p. 740, 2000.

[5] J. D. Joannopoulus, R. D. Meade, and J. N.
Winn, "Photonic crystals; Modeling the flow
of light”, Princeton University Press, 1995.

[6] J. Romero-Vivas, D. N. Chigrin, A. V.
Lavrinenko, and C. M. Sotomayor Torres,
"Photonic quasicrystals for application in
WDM systems”, phys. Stat., Vol. 202, p.
997, 2005.

[71 J. B. Yeo, S. D. Yun, and H. Y. Lee,
"Realization of dot and antidot-type two
dimensional photonic crystals by double
holographic method”, J. Appl. Phys., Vol
102, No. 8, p. 084502, 2007.

[8] AFH, &43E, oldE, “BA2A AL 9
g E2agty] FHFAT, A7AAANRE S
=84, 204, 8%, p. 726, 2007

(9] J. B. Yeo, S. D. Yun, and H. Y. Lee,
"influence of substrate and structure on
Ag-photodoping into amorphous GeSe films
by using aholographic method”, ]J. Korean
Phys. Soc., Vol. 52, No. 2, p. 345, 2007.

[10] M. A. Kaliteevski, S. Brand, R. A. Abram,
T. F. Krauss, P. Millar, and R. De La Rue,
"Diffraction and transmission of light in low
refractive index Penrose-tiled quasicrystals”,
J. Phys.: Condens. Matter, Vol. 13, p. 10459,
2001.

[11] M. A. Kaliteevski, S. Brand, R. A. Abram,
T. F. Krauss, R. M. De La Rue, and P. Millar,



J. of KIEEME(in Korean), Vol. 21, No. 9, September 2008.

[12]

"Two-dimensional penrose-tiled photonic
quasicrystals: From diffraction to band
structure”, Nanotechnology, Vol. 11, p. 274,
2000.

X. Zhang, Z.-Q. Zhang, and C. T. Chan,
"Absolute photonic band gaps in 12-fold

symmetric photonic quasicrystals”, Phys.
Rev., B, Vol. 63, p. 081105, 2001.

[13] J. Romero-Vivas, D. Chigrin, A. Lavrinenko,
and C. Sotomayor Torres, "Resonant add-
drop filter based on a photonic quasicrystal”,
Optics Express, Vol. 13, p. 826, 2005.





