COMPARISON OF THE DECAY BEHAVIOUR OF NEGATIVE AND POSITIVE INDEX
CHANCE FIBRE BRAGG GRATINGS
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We have studied the thermal stability of both negative and positive index gratings produced by a 193nm excimer
laser. A complex decay process has been observed in gratings consisting of both types of index change. This
phenomenon can be explained by our recently proposed three energy level model.

UV-wntten fibre gratings have many potential applications due to their high performance, and ease of
manufacture. A phenomenological model 1s urgently required in order to optimise the grating design and
manufactunng process. The fact that a grating with positive index modulation was formed first and then followed
by a strong negatve index modulation was found when a fibre was exposed to a ArF excimer laser (A = 193 nm)
(1.2}

We have proposed a three energy level (TEL) system to explain the grating growth in a boron-co-doped
germanostilicate fibre wrnitten at 193nm [3]. This model 1s supported by our expenimental observation including
a negative index change following an inihal positive index change and the growth rate of the index change being
linearly proportional to the intensity of the wnting beam. We have also found that the growth of negative index
gratings written by an ArF excimer laser at 193nm 1s much faster than that wnitten by a KrF excimer laser at
248nm [5).

From the TEL model, a positive index change 1s created by populating level 2 from level | (the ground level)
and then the negative index change 1s obtained by populating level 3 from level 2. The populations of level 2 and
3 will eventually diffuse into nearby trapping sites. The population of level 2 1s able to access significantly more
stable traps than that of level 2.

Experimental results and discussions

The grating growth according to the TEL model 1s shown at the top nght hand comer of Fig.1. It takes
approximately 30 minutes to complete the grating growth by exposure to an ArF excimer laser at 193nm. The
fluence was 0.3)/cm’, repetition rate was 10 Hz and the grating length was Imm.

Fig. 1 shows the decay charactenistics of the gratings after short exposures to a range of temperatures. Six
gratings having different exposure times (gratings A-F) were studied. Grating A was formed with mainly level
2 populated and 1ts decay phenomenon 1s regular as shown in curve A of Fig.l. Grating B was created by
stopping the exposure when the population in level 3 started to increase (curve B). Above 300°C, negative index
changes dominated mn grating B. This 1s due to the much quicker decay of the population at level 2 at elevated
temperature than that of level 3.

The grating disappeared when the population of level 2 decreased enough to balance the negative index change.
This effect can clearly be seen in curve C. For gratings D and E with the majonity of their population 1n level 3,
their thermal decay as shown in curves D and E grows steadily from 100°C to 400°C. We attribute this effect to
the decay of the population in level 2 resulting in grating growth until the population in level 3 starts to decay.
For grating F, the population 1s mainly in level 3 so the refractive index change 1s negative, and almost no decay
was observed below 300°C.In order to get a more stable grating from one which has both level 2 and 3 populated,
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Normalised index modulation
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Normalised index modulation
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