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Abstract

Objective Fiber Bragg grating (FBG) has become an essential optical filter component. Higher requirements for
the accuracy of FBG wavelength are demanded when dealing with applications such as multiwavelength lasers, dense
wavelength division multiplexing, and dense sensor arrays. Based on this, people developed several methods to
obtain an accurate FBG. For example, different weights are hung at the termination of the optical fiber to apply
different tensions, thus changing the inscribed wavelength with the same phase mask, which can also be altered by
hanging weight during stress annealing, or using a dynamometer to control the preload of the fiber after calibrating
the relationship between different preload and the inscribed wavelength. The methods mentioned above all apply
indirect measurements to control the inscribed wavelength, thus introducing an additional source of error and limiting
further improvements of inscribing accuracy. In this study, we design and construct a precise FBG Bragg wavelength
controlling method based on preinscription grating using a 248 nm excimer laser FBG inscribed system. Additional
errors are reduced by directly monitoring the wavelength change. We demonstrate the usefulness of this method,
which is simple, stable, and reliable and can effectively improve FBG center wavelength inscribing accuracy.

Methods The specific inscribing process is shown as follows:

1) Strip the coating layer to obtain a 10 mm long bare optical fiber and connect both ends to the optical fiber
writing online monitoring system.

2) Install the optical fiber to the positioning system and then apply a slight preload to enable the optical fiber to
straighten.

3) Control the excimer-pulsed ultraviolet laser in order for it to output a single pulse with the minimum output
energy (30 m]J) to preinscribe the optical fiber. A preinscribed grating with a weak reflection peak can be obtained
with a Bragg wavelength of Ag, .

4) Remove the optical fiber from the positioning system and keep it slack. Here, the measured reflection center
wavelength of preinscribed grating is Ay, -

5) Calculate Ay, according to formula (11).

6) Monitor the reflection center wavelength of the preinscribed reflection peak, control the preload loading
device, and change the reflection center wavelength of preinscribed grating by modifying the preload; adjust it to
Ape -

7) Control the excimer-pulsed ultraviolet light source to output more than 600 pulses at a standard output
power. Meanwhile, use the optical fiber writing online monitoring system to monitor the FBG reflection spectrum/
transmission spectrum until it meets the requirements and then stop the output of the excimer-pulsed ultraviolet light
source.

8) Remove the FBG from the fiber positioning system and keep it in a relaxed state, detect and record its Bragg
reflection wavelength and other related parameters.

Results and Discussions We designed and constructed a precise FBG inscribing system based on a 248 nm excimer
laser. Six FBGs with different wavelengths have been obtained, as shown in Table 1. The error between the
inscribed and the target wavelength value has been evaluated: the mean error is 0.007 nm and the standard deviation
of error is 0. 029 nm. The experimental results show that the preinscription grating inscribing process effectively
controls the FBG wavelength. Here, the error comes from two sources: the first originates from the differential
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head of the Z translation stages.

Moreover, when the differential head is used to apply a preload, its control accuracy introduces an error
originating from the moving direction of the preload adjusting device, which is perpendicular to the direction of the
optical fiber; when it is moved in the vertical direction, the optical fiber is stretched. The wavelength shift caused by
the optical fiber strain can be deducted from the experimental device’s geometric size; for example, when the optical
fiber is stretched by 3 mm, the differential head will introduce a random error of ~0.005 nm. The second error
source is because the fiber and the optical path are not strictly perpendicular; for example, if the angle between them
is 0.3°, the error introduced corresponds to 0.021 nm. The nonvertical configuration leads to an inevitable error in
the inscribing wavelength. The experimental results show that the standard deviation of the wavelength error
between the inscribing wavelength value and the target wavelength value is 0.029 nm. The inscribing process would
also be affected by the platform vibration originating from the power charging of the laser pulse circuit, airflow, and
the fiber’s vibration. Therefore, placing the laser and the optical path on a different platform is necessary, seal the
optical path within a flow shielding box and leave the fiber to stabilize before inscribing.

Conclusions In our experiment, the preinscribing method replaces the traditional preload monitoring method. The
other error is reduced by directly monitoring the wavelength change; the FBG inscribing wavelength precise
controlling is realized. We inscribed six FBGs with different wavelengths; the actual inscribed value of the center
wavelength is in good agreement with the target value. The mean error of the FBG center wavelength is 0.007 nm
and the standard deviation of error is 0.029 nm. Thus, our method proves to be simple, stable, and reliable, and it
can effectively improve FBG center wavelength writing accuracy.

Key words grating; excimer laser; preinscription; wavelength control
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