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Application of All-Optical Switching by Optical Fiber Grating Coupler

Yasuhiko Maeda

Abstract

All-optical switching devices are strongly required for fast signal processing in future
optical communication systems. In this report, all-optical switching operations at the wavelength
region of the 1.55um utilizing the optical fiber nonlinearity in an optical fiber grating coupler
(FGC) are reported theoretically and experimentally. These results indicate the possibility of
applying all-optical switching devices with pico-second operation.

The FGC, which is an optical fiber coupler (FC) with a refractive index grating in the
coupling region, has been proposed as add/drop multiplexers (ADM) in wavelength division
multiplexing (WDM) systems. This grating structure creates a narrow photonic band gap and
results in reflection with a sharp spectrum at the Bragg wavelength.

In order to route the signal, an all-optical switch which has two output ports and one
input port is considered. A signal light is coupled by means of the FGC to a high power mode
lock Ti-sapphire laser emitting at 800 nm as a pump light. The repetition frequency of the pump
pulse is 80MHz, and the pulse width is 1.2ps. The wavelength characteristics, which depend on
refractive effective index of gratings, can be altered by the high intensity pump pulse by increasing
the effective index based on the Kerr effect. As a result, the incident optical signal can be
switched between two output ports by means of an optical controlling.

In this study, the reflected wavelength spectra detuning of the incident pump pulse in the
nonlinear switching and switching characteristics are calculated using on the coupling equations
including Kerr effect. The calculated results show that the nonlinear effect causes to increase the
central wavelength of the FGC. The pump power to obtain switching operation is estimated to
approximately 3kW at maximum depending on both grating length and pump pulse width. These
results indicate the possibility of applying all optical switching devices in pico-second order. In
addition, the switching experiments are carried out using an optical sampling oscilloscope to detect
switched signal.  As a result, the temporal switching waveform could not be observed due to noise.
However, the results indicate that it might make possible observation of the temporal switching
waveform by improving the experimental setup.  The theoretical and experimental result of this

research would be useful for the designs of all-optical high speed switching devices.
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