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Fabrication of Nano-photonic Crystals with Lattice Constant of 460-nm by
Inductively-coupled Plasma Etching Process
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ABSTRACT

The GaN thin film on the 8 periods InGaN/GaN multi-quantum well structure was grown on the sapphire substrate
using metal-organic chemical vapor deposition. The nano-scaled triangular-lattice holes with the diameter of 150 nm were
patterned on a polymethylmethacrylate blocking film using an electron beam nano-lithography system. The thin slab and
two-dimensional photonic crystals with the thickness of 28 nm were fabricated on the GaN layer for the blue light
diffraction sources. The photonic crystal with the lattice parameter of 460 nm enhances spectral intensity of
photoluminescence indicating that the photonic crystals provides the source of nano-diffraction for the blue light of the

450-nm wavelength.
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Fig. 1. Photonic crystal structure fabricated on p-GaN
surface of InGaN/GaN multi quantum well blue
LED structure. The photonic crystal has a two-
dimensional and hexagonal array of air holes with
the radius r and lattice constant a.
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Fig. 2. Photonic band gap map of hexagonal structure.
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Fig. 3. The complete photonic band structure for the TE
and TM modes.
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Fig. 4. The SEM image of the photonic crystal structure
for the process of electron beam nano-lithography
on PMMA photo-resist.
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Fig. 5. The SEM image of the photonic crystal structure
after the ICP etching process with the PMMA
masking layer.
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Fig. 6. The SEM image of the photonic crystal structure
of GaN.

7Alle] PMMAE $7Wtt. CD-SEM 842 wbAbgl
A|71€] 2ol & W FLt

Fig. 5¢ =488 19 = Zel=vlICcP)2 47
$-ol PMMA photo-resist"t& 252 EAEA pitch
230 nm<] sample?] 2] CD-SEM & 4folt}, 2 ICP
21z} 7k2E BCI3 ¢} C12 7} ARR-E19.21 | 200 nm F
712l photo-resist’F 2}7Fo] R &F4] B Fol|A 2
Seh=nt 7h2o) ok A zb-g vt A7k BEo] §
e 7 "upgte] 7o) 75 nmo| 3 AdE-] FE-2
150 nm<) &-@ol7F FA= At

Fig. 62 PMMA7Z} 1= sample®] CD-SEM &-go]
t}. GaN photonic crystal-2 ICPA 7z} 5474 &<k = -
Az EHe R FAFEJT o] PMMA©] AlAHE 79
o] A E-2 108 nmel™ FH A +io] Hole
AFME 574 3ho2x ghotdt & gk o S
AR FZONA spotd veine] Helde] F27t Azbs}
2+ Aok
Fig. 7& AA447} 460 nm$! sample®] AFME 4t
ot o] 42 IR B 7 T a9 %
X 2L 715E /N ok Ha A7) pe] ol
© 27t 1507 28 nmol ™ 7 o] Ao} sH5-o] A7
< 7z} 2233+ 108 nmeltt.

ol gt FAA Fdol tigt F FEo 2 AHE
3-8 Fig. 291412] GaN9] gap mapL Z2HE 558 4
At AAPEE7E 460 nmo] 3L ] ¥EA]E-o] 75 nm
2 AA"E FAA e B AFolr s AxPEE(a)et 9
M) ¥l@n)e 1.020]32 A E () AAPET(@)] Hl

2

e Ao Zg o)l &34 A 5d A2E, 2006

Data type Height

Z range 90.00 nm
Digital Instruments NanoScope
Scan size 2.000 pm
Scan rate 1.100 Wz
Number of samples 256
Image Data Height

pata scale 35.00 nm
Engage X Pos

Engage Y Pos -42151.3 um

view angle

| ]
Tt Uoht angle

X 0.500 pu/div
2 35,000 r/div

Y-zum-1

Fig. 7. The AFM image of the photonic crystal structure
with the lattice constant of 460 nm.
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Fig. 8. Photoluminescence spectra for the bare sample
without photonic crystal(ref) and the photonic crystal
structure with the lattice constant of 460 nm.
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