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Much research into two-dimensional (2-D) photonic crystal (PC) structures has been conducted for realization of ultrasmall
optical integrated circuits. A 2-D silicon (Si) PC slab structure with air cladding (n=1) is one of the representative structures in
2-D PCs. While air-clad Si PC slab structures have good optical characteristics, their suspension in air can lead to mechanical
weakness, making integration with some optical devices difficult. In this paper, we propose improving the mechanical robustness
of PC structure by developing a 2-D Si PC structure with symmetric silica cladding (n=1.44) and comparing its optical properties
to that of the air-clad structure. First, we investigate the optical properties of a 2-D Si PC slab structure with air cladding by
using a 3-D finite difference time domain method. We determined that a photonic bandgap of 330 nm and a non-leaky propagating
bandwidth of 100 nm in the optical communication range are possible. Next, we investigate the optical properties of 2-D Si PC
slab structures with silica cladding. Even though the refractive index of the silica cladding is higher than that of air, we developed
a silica-clad structure with good optical properties: a photonic band gap of approximately 230 nm and a non-leaky propagating
bandwidth of 90 nm, comparable to that of the air-clad PC structures.
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Fig. 1. (a) Schematic and (b) photonic band diagram of a two-dimensional
(2-D) silicon (Si) photonic crystal (PC) slab with air cladding
(r=0.29a, t=0.6a).
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Fig. 2. Photonic band diagrams versus various (a) hole radius
(t=0.6a) and (b) slab thickness (1=0.29a) in a 2-D Si PC
slab with air cladding.
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Fig. 3. (a) Schematic and (b) photonic band diagram of a 2-D Si

PC slab waveguide with air cladding (We=+v/3a=WI,
r=0.29a, t=0.6a).

oX
il

EECE L

)
Am
o

|

o
Mo

>

ol
N,

—1'1_\_%9’] 213

274 =upRo] 24t BAE HERH ZloR F7) light linek
of 22 A muh Sk tf 92 0.263~0.279 [c/a]o &
ARk, o] Fubg= T2 oF 1500~1600 nm I T oo
o], FEAl Y G2 1550 nmE F-E5] EZjtskal
=3

olg|gt 37| FIS e 24 AHYE FA 2% =t
20| mE W3} e A EY] 9fste] 2] weulE(r,
t, Wooll th& 24t WAE Atk 18 4(a)= 371 2
e 2t 22 A A wutEo|A t=0.6a%
o, ro] Wste] w2 wu} mEF vEpd Zloln, 19 4(b)=
=0.29a% uj to] W3lol| W FEA Ut mES AR A
Hole}. 19 404 ro] Hop AL t7F FAYA FAd
Tut tfofo] tha FTIRIth ole fE 2EEQ W3R 2
3 eu} meo] Fulge7h WopA Al 57 light line®] ako
Zojz]7] wfzolct

a9 5e 37 2dEe e 22k Ay 3 24 =
T2 Wy #3to]| uhg Eu} HES AR
S 1.25W19] Aol F&4 Euf tiofo] tha F7lsh=
W, WaZl 52 0.875W18] o= &4 =vb tf ool
Hagtth o= Wort Holdes =z fa =480
S7teto] mup mEo) Fuppr) AFut oz ofEs)]

wolth ojef o] mup HEO] Fularr} vrobx|H light
line®] gafo] FolEo] FEA muf tfofo] SRttt 19

3o 9

—=

0.29

0.28 |

Frequency [c/a]
e
(%)
N

0.26 |
0.25 1 : | ; B
0.2 0.3 0.4 0.5
Wave vector [27/a]
0.29
0.28

Frequency [c/a]
=)
o
N

0.25 E I . I

0.2 0.3 0.4 0.5
Wave vector [27t/a]

(b)
Fig. 4. Photonic band diagrams versus various (a) hole radius
(t=0.6a, Wq=W1) and (b) thickness (r=0.29a) in a 2-D Si
PC slab waveguide with air cladding.
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Fig. 5. Photonic band diagram versus various waveguide width in a
2-D Si PC slab waveguide with air cladding (r=0.29a,
t=0.6a).
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Fig. 6. (a) Schematic and (b) photonic band diagram of a 2-D Si
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Table 1. Transmission bandwidth versus various slab thickness of a

2-D Si PC slab waveguide (r=0.29a, Wg=W1) with silica
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