12th Optoelectronics and Communications Conference/16th International Conference on Integrated Optics and Optical Fiber Communication (OECC/IO0C2007)
Technical Digest, July 2007, Pacifico Yokohama

Development of directional coupler switch with ultra-short switching length
based on flat-band photonic crystal structure

Jun-ichiro Sugisaka(’?), Noritsugu Yamamoto(!), Makoto Okano(!), Kazuhiro Komori(!), Masahide Itoh(?)
and Toyohiko Yatagai(®
(1):AIST Photonics, Umezono 1-1-1 AIST Central 2, Tsukuba, Ibaraki, Japan
Tel:+81-29-853-5042, Fax:+81-29-853-5205

(2):Inst. of Appl. Phys. Univ. of Tsukuba,

Tennoudai 1-1-1 Tsukuba, Ibaraki, Japan

Tel:4-81-29-861-5201, Fax:+81-29-861-5602

jun-ichiro.sugisaka@aist.go.jp

Abstract

We have proposed a directional coupler (DC) switch
with short switching length and wide bandwidth, which
have a flat-band in even mode. We fabricated the DC
and demonstrated that the DC had a flat-band.

1 Design of DC for short switching
length and wide bandwidth

The DC switch we proposed is composed of a two-
dimensional photonic crystal slab of air bridge type.
This consists of GaAs substrate (thickness of 190nm)
and air cylinders (circular holes). The lattice constant
(a) is 390 nm, and the circular holes whose radii are
0.29a are arranged in the triangular lattice.

The coupled waveguide, which is a pair of parallel
waveguides (shown in Fig. 1), is separated into two
region A and B. The switching operation is realized by
changing the refractive index of region A (the length of
region A in the direction of waveguide is called ”switch-
ing length”).
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Fig. 1: The structure (top view) of coupled waveguide. The entire
length is set to integral multiple of coupling length (L¢). Switching
operation is realized by changing the refractive index of region A.

A DC switch requires short switching length and
wide bandwidth. However they are a relation of trade-
off for conventional DC. This relation can be dissolved
using a DC which have a flat-band in even mode(*2).
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Fig. 2: Dispersion curves for conventional DC. The open circles
denote the dispersion relation for even mode, and the rectangles
denote that for odd mode.

The dispersion curves of conventional DC switch are
shown in Fig. 2. Although conventional DC has no
flat-band, dispersion curves can be generally trans-
formed by structural modulation of photonic crystal.
We designed the structure of DC so that the DC has a
flat-band in even mode. The structure and dispersion
curves of structure-modulated DC switch are shown in
Fig. 3. By numerical analysis with two-dimensional
(2D) FDTD method, it was found that the switching
length was 11a (a is a lattice constant), which is 2.86%
of conventional one. The bandwidth is 5.0lnm, which
is 35.0% of conventional one. The bandwidth becomes
narrower than that of conventional DC, however, con-
sidering the shortening rate of the switching length, it
is very wide.

2 Fabrication of DC

Next, the designed DC was lithographically fabri-
cated with electron beam. The SEM images are shown
in Fig. 4. In order to eliminate the reflection at bent
waveguides, adiabatic bent waveguides (Fig. 4(c)) were
introduced to all bent points. In addition, in order to
inhibit the reflection at the edge of the coupled waveg-
uide, and to improve the coupling efficiency of prop-
agation mode between single waveguide and coupled
waveguide, adiabatic branch waveguides (Fig. 4(a))
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Fig. 3: The structure of conventional DC (a) and structure-
modulated DC (b). (c):dispersion curves of structure-modulated
coupled waveguide.

were introduced at both ends of the coupled waveg-
uide.

3 Measurement of wavenumber differ-
ence between even and odd modes

In order to confirm whether the fabricated DC has
a flat-band in even mode, the difference of wavenum-
bers (Ak = k. — k,) between even and odd mode were
measured with the following method. The Ak cannot
be measured directly, then the coupling length (L.) for
every frequency was measured, and Ak was calculated
by the following equation

Ak =7/L.. (1)
The coupling length is obtained by measuring the
power spectra of DCs for different length of coupled
waveguide, then the difference of length of the coupled
waveguide between bar condition and cross condition
is equal to coupling length.

By using the measured power spectra, we obtained
the Ak, which are shown in Fig. 5 with open circles.
Figure 5(a) is the result for conventional DC and (b)
is that for structure-modulated DC. The solid lines in
Fig. 5 are theoretical values obtained by band calcu-
lation with 2D-FDTD method. Experimental values
well agree with theoretical one. The Ak for conven-
tional DC gently changes for the frequency of incident
light, this corresponds to the band diagram in Fig. 2.

Fig. 4: SEM images of (a): adiabatic branch waveguide,
(b): coupled waveguide (structure-modulated), and (c): adiabatic
bent waveguide.
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Fig. 5: The difference of wavenumber between even and odd mode
for (a): conventional DC and (b): structure-modulated DC.

On the other hand, The Ak for structure-modulated
DC changes rapidly at 0.288[c/a]. This results show
that the fabricated DC has a flat-band in even mode.

4 Conclusion

A novel structure of DC switch was designed and fab-
ricated. The power spectra were measured correctly by
introducing adiabatic structures. Next the difference of
wavenumbers between even and odd modes were calcu-
lated from the measuring result of power spectra. From
the result, it was shown that the fabricated DC has a
flat-band in even mode by structural modulation.
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