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ABSTRACT

An improved ratiometric wavelength measurementesysincorporating two fibre comb filters is presehtevhich
performs both rough and fine wavelength measuresnginultaneously. The resolution of the systemigsificantly
improved, compared to a single edge filter systémbetter than 5 pm while maintaining the potenf@l high
measurement speed and wide measurable wavelemggh. ra
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1. INTRODUCTION

A conventional ratiometric wavelength measuremethieme consists of a beam splitter, an edge filtel tavo
photodetectors. The edge filter provides a monaetilyi increasing spectral response in the measeiralvelength
range from\; to A, (it can also be monotonically decreasing), whichwerts the wavelength measurement into a signal
intensity measurement. A ratiometric wavelength sneament scheme has the advantage of simple caoatig,
requiring no mechanical movement and offers them@l for a high-speed measurement as comparddtkgt active
wavelength scanning schemes. Previous investigatiwaposed different types of edge filters suctba& thin-film
filters [1], biconical fibre filters [2], fibre gtings [3], macrobending singlemode fibre filters B] and multimode
interference based multimode fibre filters [6]. Qurevious investigations of a ratiometric waveléngteasurement
system examined theoretically and experimentally ithpact of the limited signal-to-noise ratio (SN&)the input
signal, e.g., signal to spontaneous-emission I@BE) for the lasers, on the appropriate seleatiothe edge filter
spectral response [7] to maximize measurementutsnl

In this paper, an improved ratiometric wavelengmsurement system involving two fibre comb filtisrpresented,
which performs rough and fine wavelength measurésngmultaneously. In a conventional simultanea@usgh and fine
measurement system, the fine measurement norrsatigticapable of improving the resolution but speegl, the rough
measurement gets an approximate value quicklyyvailp fine measurement to get an accurate valueowith large time
consuming range of measurands to be covered. Fopthposed improved measurement system in thisrptpe
resolution of the system is also significantly ilmped while maintaining the potential for high measoent speed and
wide measurable wavelength range (the presenteshp@&aimproves the achievable resolution from abEtpm to
better than 5 pm).

2. RATIOMETRIC WAVELENGTH MEASUREMENT SYSTEM COMBINING TWO
FIBRE COMB FILTERS

Fig. 1a presents the schematic structure of theifraddratiometric wavelength measurement systenoliriag
two comb filters. The spectral responses of the ¢amb filters are presented in Fig. 1b. In this stgament scheme,
the spectral response within the half-period oheammb filter is used as an edge filter. The opemadf this modified



ratiometric wavelength measurement system is dewel firstly, the wide range edge filter is usemt fa rough
measurement, in order to determine the input sigmabelength with low resolution but over a broadhga of
wavelengths. Then the comb filter is used for inesef measurement over a narrower range of wavdisntftonly one
comb filter is deployed, then the system will failmeasure wavelengths located near a peak on\@iltdhe comb filter
transmission sprectrum, due to measurement ampigiot overcome this problem the modified measurdrmsgatem
additionally includes a second comb filter, thectpe response of which is shifted with respedhifirst comb filter so
that the second comb filter can be used for thesorement if the measurable wavelength is located aepeak or
valley of the transmission spectrum first combefil{(see Fig. 1b). To avoid possible measuremeniquityy a peak
separation no less than 2 nm is essential betviweocamb filter peaks for the improve wavelength sneament system.
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Fig. 1 a) Schematic structure of the modified mattric wavelength measurement system involvingdamb filters; b) Ideal spectral
response of the comb filters.

In our example the source SNR is assumed to betab0uwlB and the resolution of power measureme6t04
dB. If the wavelength range is from 1500 to 1600 time achievable resolution with a conventionafkiredge filter
system is about 50 pm. However, if the comb filmbeme shown in Fig. 1a is used (with a free spleeinge (FSR) of
20 nm and a discrimination of 10 dB), the resolut@an be improved by an order of magnitude. Figh@ws the
calculated output ratio [7] assuming that the werrgth of the input signal shifts by 5 pm at 1556 With the modified
system, resolutions better than 5 pm can be aathidivés clear that the resolution of wavelengthasw@ement with the
comb filters is improved significantly by companisto a single edge filter scheme. The resolutiom loa improved
further by optimizing the comb filter specificatmnsuch as the discrimination range and FSR. Iotipe these comb

filters and their triangular spectral response barrealized by all-fiore Mach-Zehnder interferometeith a periodic
Gaussian spectral response.
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Fig. 2 Output ratio of the modified system as tlev@length shifts by 5 pm; for each wavelength véheephotodetectors are sampled
200 times.

3. FABRICATION AND CHARACTERIZATION OF THE FIBRE COMB FILTERS

A fibre inline Mach-Zehnder Interferometer (MZI) séabricated by a two-point GQaser irradiation as reported
in [8]. A fibre MZI fabricated using the CQaser irradiation method offers a number of adages, such as simple
structure, small footprint and greater mechanittehgth compared with conventional fibre MZIs [9].1



In the experiments, as shown in Fig. 3, a,d&3er (SYNRAD, Model: 48-2KWL) with a maximum pom@0
Watts at a wavelength of 10u8n was employed to fabricate the fibre comb fil&ZnSe cylindrical lens with a focal
length of 254 +0.5% mm was used to shape the I@§er beam into a narrow-line range with a widtlcicca 300um.
Beam movement was achieved fixing gold-coated mdrron a one-dimensional motorized translation stage
(AEROTECH ABL-1500). A Labview program controlledet stage movement and a shutter andtherefore rigéhlef
the fibre two-point interferometer based comb filsmd the laser exposure time could be accurattyralled. The
polymer coating layers of the optical singlemodedi(Corning SMF-28) was stripped mechanically #relbare fibre
was placed on the two dimensional translation stag¢hout external tension; the fibre was kept pericular to the
laser beam line.

The CQ laser beam irradiated the bare singlemode fibdecamated the first microbend; then, the transtasimge
with the ZnSe lens and the mirrors then moveddkerlbeam to a new position. The fibre was irradiaigain to create
the second microbend. The transmission spectizedilire two-point comb filter were analyzed durfafrication using
a broadband LED source and a high resolution (2Dgptical spectrum analyzer (YOKOGAWA AQ6370).

The laser output power used was 22.5 W and thesexpdime was 25 s. Fig. 4a shows the microscopage of
the microbend region created in the fibre. The coiade leaks from the fibre core into the claddingthe first
microbend, travels in the cladding region betwdenttvo microbends and couples back to the fibre ebrthe second
microbend; as a result interference occurs betwibencladding and core modes. Fig. 4b shows thesimesion
spectrum of the fibre comb filter with a length4df mm.

To achieve the desired transmission spectral regsoaf the two comb filters shown in Fig.1b, tHerdi comb
filter was fixed to a 5 cm in diameter aluminiunsbalate, the temperature of which is controllédgia thermoelectric
cooler (TEC) driven by a 12 W Laser Diode Tempamatontroller (Thorlabs TED200C). Full contact beén the fibre
comb filter and the base plate is ensured. Usimgattcurate independent temperature controllerHerpurpose of
calibration, the transmission spectral responsemeasured at a temperature of°@0and 76C, respectively. The range
of temperatures was limited by the capabilitiesttef TEC used. The transmission spectral responsssured at
temperatures of 2 and 76C are shown in Fig. 4b. From the Figure, it is cldt the peaks of the spectral response
shift to a longer wavelength when the temperatocesiases with a peak separation between 20 andgf@eat of 2.8 nm.
Furthermore, the results also confirm that the saomab filter design can be used as the second ddtaebin the
improved ratiometric measurement system by chantfiagpperating temperature of the comb filter idevrto achieve
the appropriate shift in the spectral responsd|ustrated in Fig. 1a and 1b. The wavelength naisoh of the improved
system was measured using a tunable laser (A@EBM0) as an input signal source, with a wavelestgp change of
10 pm from 1560.00 nm to 1560.04 nm. The measua#id wariation is shown in Fig. 4c, which provesithhe
improved measurement system is very capable ofiagovavelength changes less than 5 pm.
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Fig. 3 Experimental set-up for fabricating fibrerdw filter.
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Fig. 4. a) Microscopic image of the fibre microbesgion fabricated by a GQaser irradiation; b) Transmission spectra offthee
comb filter with a length of 40mm, at 2D (solid line) and 7 (dashed line); c) Measured output ratio of therowpd wavelength
measurement system as the input wavelength skift® pm; for each step change of the input wavelernige photodetectors are

sampled 200 times.

4. CONCLUSIONS

In order to improve the resolution of the systematiometric wavelength measurement scheme incatipgrtwo extra
comb filters, fabricated using GQaser irradiation, has been proposed. The mod#ieiem performs both rough and
fine wavelength measurements simultaneously. Thesorement resolution is significantly improved gsihe proposed
scheme, whilst also maintaining the potential ighhmeasurement speed and a wide measurable wgtrelemge
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