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WM57 Fig. 3. Switching response of the device. 

driven for a duration of 0.7 sec in the period of 2.0 sec. The measurement 
is done by using a tunable laser of which wavelength is set 0.4 nm longer 
than Bragg wavelength without heater operation. 

The switching time from “through” to “drop” of a signal, which 
means the time from the beginning of the heater driving to 90% down 
signal power, is about 400 milliseconds. On the other hand, the switching 
time from “drop” to “through”, which means the time from the stopping 
of the power supply to 90% up signal restoration, is about 10 millisec- 
onds. 

In summary, a novel switchable drop filter has been proposed and 
demonstrated with photoinduced Bragg grating on a silica-based 
waveguide with the heater power consumption of 0.124 W (a driving 
current is 60 mA). Good switching responses were obtained by 0.4-nm 
shifts of Bragg wavelength. 
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WM58 Fig. 1. (a) Production process for the sampled grating. We shine 
248-nm UV light from an excimer laser through an amplitude mask defining the 
sampling function on top of a phase mask defining the Bragg grating. (b) The 
waveguide grating inserted between two circulators with the four ports of the 
resulting add/drop multiplexer labeled. 

for a multi wavelength optical add/drop multiplexer, which drops wave- 
lengths spaced by 400 GHz around a center wavelength of 1557 nm. 

Sampled gratings are UV-written using a single exposure through a 
combination of an amplitude mask and a phasemask as illustrated in Fig. 
1(A). This allows control of the frequency spacing, the width of the 
individual peaks and the convolution curve through the period, length 
and duty cycle of the amplitude mask.3 The center wavelength is deter- 
mined by the phase mask period times the effective refractive index ofthe 
waveguide. After the UV-exposure we have annealed the grating at 200°C 
for 30 min to assure long-term stability. 

The reflection and transmission spectra of our sampled grating are 
illustrated in Fig. 2. The grating has a sampling period of 250 Fm, alength 
of 38 mm, a duty cycle of 1/5, an index modulation of approximately 
1*10-3 and the phase-mask period is 1071 nm. This results in peaks with 
a reflectivity of more than 99.9% (30 dB) spaced by 400 GHz. Between 
the peaks the reflectivity drop!; by more than 20 dB. The insertion loss for 
the waveguide including the sampled grating is <4dB. 
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W-written sampled gratings have recently been demonstrated in optical 

consists of a series of peaks, with a spacing inversely proportional to the 
sampling period. Within a limited frequency range the dispersion may be 

makes sampled gratings useful for wavelength-division multiplexing 
(WDM) applications. We demonstrate the application of a sampled grating 

fibers and waveg~ides.’~~ The reflection spectrum of a sampled grating 1555 1560 1565 

wavelength [nm] 

ignored and the frequency ’pacing can therefore be constant‘ This WM58 Fig. 2. Normalized spectral properties of the add/drop multiplexer. 
The dashed curve is the input to output transmission and the fully drawn curve is 
the add to output analogous to tht: input to drop, exhibiting the grating reflection. 
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We insert the waveguide with the sampled grating between two 
3-port optical circulators and thereby form an addldrop multiplexer as 
illustrated in Fig. 1(B). The spectral properties of the add/drop multi- 
plexer are determined by the sampled grating and shown in Fig. 2. The 
input to output port exhibits the grating transmission spectrum and the 
input to drop port, analogous to the add to output port, exhibits the 
grating reflection spectrum. This means that the intraband crosstalk of 
our device is -30 dB. When used in a WDM system with 200-GHz 
channel separation the interband cross talk is -20 dB, with a 100-GHz 
channel spacing the interband cross talk is approximately - 17 dB. In a 
system with 400-GHz channel spacing the grating may instead be used 
together with only one circulator as an efficient filter for amplified 
spontaneous emission. 
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All-fiber acousto-optic tunable filters (AOTF) are based on the acoustic- 
wave-assisted phase matching of the guided fundamental mode to the 
cladding modes’ and the guided higher modes.’ Resonant mode cou- 
pling takes place when the acoustic wavelength is matched to the beat 
length between the coupled modes, L, = 2n/ (  p, - p2) where p, and p, 
are modal propagation constants. In this work, we characterize modal 
properties of elliptical-core fibers very accurately by means of the 
acousto-optic mode coupling and show that with appropriate design 
parameters an elliptical-core fiber can be used for broadband acousto- 
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pling of the LP,, mode and the antisymmetric high-order modes. 

Fig. 1. Theoretical analysis of the normalized beat length for the cou- 
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WM59 The center wavelengths of filters as a function of the acoustic 
frequency. Here d and A, are the fiber diameter and cut-off wavelength, respec- 
tively. d = (a) 62 pm, (b) 70 pm, ( c )  80 +m. 

Fig. 2. 


