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Abstract: We present an interferometric setup to write apodized or apodized-chirped Bragg Gratings at any wave- 
length with the .same phuse mask and to a precision of 0.1 nm. An encoder,for CDMA a,pplications is realized. 

Introduction 

In the past few years, several telecommunication applica- 
tions of optical fibre Bragg Gratings (BG) have demon- 
strated including chromatic dispersion compensation, add 
and drop multiplexers, optical filters and mirrors for optical 
amplifiers and laser diodes, etc ... [I]. These applications 
have often require apodized BGs or apodized-chirped BGs 
at different wavelengths. We demonstrate a new inter- 
ferometric technique to write BGs at several wavelengths 
with the same phase mask. This method also allows writing 
of apodized BGs to reduce the reflectivity sidelobes and of 
apodized-chirped BG for chromatic dispersion compensa- 
tion. Recently BGs have been proposed for frequency-hop 
code division multiple access (FH-CDMA) [2] and we 
demonstrate the realization of an encoder for this applica- 
tion. 

Experiment 

The experimental setup displayed in Fig. 1 basically consists 
of a Sagnac interferometer where the phase mask acts as a 
beam splitter [3].  The optical path difference between the 
two interfering UV-pulses result in intrinsic apodization of 
BGs 131. The optical fibre is placed slightly above the phase 
mask. One of the two diffracted UV-beams is reflected off 
mirrors M 1 and M2 while the other diffracted beam goes in 
the reverse direction. The two beams are recombined on the 
optical fibre by introducing a tilt of the mirrors M1 and M2 
with respect to the x-y plane. By moving the mirror M along 
the phase mask, the interference pattern i s  formed along the 
fibre as in other phase mask scanning techniques. The angle 
0 is determined by the phase mask period A, and the angle 
a depends on the three parameters 8, Ql and $2. When the $, 
and @2 angles characterising the mirror positions are identi- 
cal to x/4- 8/2, the grating peak wavelength will be ap- 
proximately given by LBO = neff A, where neR is the effective 
index of the fundamental guided mode including the pho- 
toinduced DC component. In this case, a = 0 and the inter- 
ference pattern occurs just above the phase mask. To write a 
grating at another Bragg wavelength, the angle of the mirror 
MI, Q), is changed. Calculations show that a variation of 
AQI=4.875 degree corresponds to a 0.1 nm shift for the 
Bragg wavelength. A 42-cm long lever combined to a 
nanomover with 50-nm resolution is used to control the 
mirror rotation. The minimum rotation angle that can be 
achieved with this system is about A Q1=7.10-7. In theory, 
this experimental set-up could be used to cover a wave- 

length range starting to 800 nm and going beyond 6 ~ m  
with a very high precision. 

Fig. 1: Experimental set-up 
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Note that the interference pattern moves parallel to the 
x-axis when the angle 41 changes. For hB < L B O ,  the fibre is 
brought closer to the mirrors to position it in the interference 
pattem. In the same way, for hB z hRO , the fibre is mmoved 
away from the mirrors. Iln this paper, we demonstrate B'ragg 
gratings at wavelengths near 1.5 km for optical comniuni- 
cation systems. Recently, it has been proposed to use B'ragg 
gratings to achieve the encoding/decoding function of FH- 
CDMA. This communication protocol is attractive for high 
bandwidth local area networks. The encoder consists of a 
series of gratings tuned to different wavelengths 
(A&, hl, hx ... as example) that are regularly spaced along 
the fibre. The wavelengths, chosen from a predetermined 
set, together with the order in which they are placed cleter- 
mine the user code. In the decoder, the peak wavelengths 
would be placed in reverse order to perform the correlation 
function. 
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Fig. 2: Encoder for FH-CDMA with 5 BGs: a) reflection 
spectrum, b) delay versus wavelength. 
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Experimentally, to obtain an encoder and a decoder, two 
identical series of gratings must be written in two fibres. 
The decoding operation is then obtained by launching light 
in the opposite direction in the fibre. Figure 2 shows a typi- 
cal example of an encoder made of five BGs, each is 1.2 cm 
long. The reflection amplitude and phase were measured 
using a characterisation set-up with a tunable laser source, a 
wavemeter and a network analyser. The BGs are not com- 
pletely apodized and some residual sidelobes can be seen in 
fig. 2a. However, these sidelobes are weaker than the fea- 
tures of uniform grating. In the spectrum, the wavelength 
separations between two consecutive peaks are 0.73, 0.8 1 ,  
0.83 and 0.75 nm. This demonstrates that we can write BGs 
with a precision below 0.1 nm. For this encoder, the order- 
ing of the wavelengths was chosen to obtain the following 
code: a,, 14, hS, h2 and 1,. The spacing between the gratings 
along the optical fibre length was approximately lmm. To 
achieve this separation, the fibre was moved with regard to 
x-axis between the writing of each grating. Fig. 2b displays 
the plot of the reflection delay of the BGs. The theoretical 
delay of A~~,,=125 ps between each grating can be seen on 
the figure. The high resolution on the mirror rotation also 
makes it possible to obtain apodized and chirped BGs. The 
apodization function is produced by the variation of the 
temporal overlap between the UV pulses of the two dif- 
fracted orders as the phase-mask is scanned [3]. A Gaussian 
apodization results for gratings of 4 cm length and a trun- 
cated Gaussian is obtained for smaller gratings. To achieve 
a linear chirp, the angle Cpi is varied continuously during one 
scan of the phase mask length. 
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The period of the interference pattern therefore changes 
along the fibre length. An apodized chirped grating at 
1550 nm is shown in figure 3. The BG length is 3.5-cm and 
the bandwidth measure 0.95 nm. The delay is linear with 
respect to the wavelength. Some residual sidelobes occur 
because the 3.5-cm grating length, limited by the mirror 
diameters, results in a truncated apodization profile. This 
grating will be used to compensate the residual dispersion 
experienced by picosecond pulses propagating near the zero 
dispersion wavelength of DSF fibers. 

Conclusion 

We have demonstrated the wavelength flexibility of a Sag- 
nac type interferometer with phase mask scanning to write 
Bragg gratings. A wide range of frequencies can be ob- 
tained with the same phase mask. An encoder for 
FH-CDMA applications with five BGs was realized and the 
wavelength dependant delay was measured. The wavelength 
spacing was 0.78 nm, the physical separation was 1 mm, 
and the wavelength ordering was chosen to represent the 
code of a specific user. The experimental setup also allows 
the writing of apodized-chirped gratings for dispersion 
compensation. Other applications of this technique would 
be in the realization of filters and mirrors for fibre lasers 
outside the communications window. 
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