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Abstract: A hybrid waveguide Bragg grating in optical fibgas fabricated and characterized,
showing thermal responsivity of 211G/ Proposed being used in fiber sensor, it dematestr
enhanced resolution by 20and Z for temperature and strain, respectivell2008 Optical
Society of America
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1. Introduction

Fiber Bragg gratings (FBGs) have been used extelysim optical fiber sensors, particularly for $traelated
applications. However, spectral response of FBGstriin is usually mixed with that caused by terapee, and
this cross-sensitivity problem still remains a tachl issue requiring for practical solutions. Tdi#ficulty lies on
that most FBGs present similar optical propertiesnf device to device. Measures have to be takewritg the
diversity and there have been reports of using FB&i#Es different characteristics, by employing théetent ratios
of the strain response to the temperature respohsach FBG[1-3], however, the ratio differencesvendeen
generally low. Long period gratings (LPGs) are aeotsuitable solution for such a purpose since tireyvery
sensitive to temperature but not to strain. ThouBi®s have been reported for temperature discrinoimdd], they
have their own limitations and drawbacks. LPGs useally large sized (several centermeters long)peoed to
FBGs and thus unsuitable for situations where rhinéadevice is desirable. Spectra of LPGs are nbwchader than
that of FBGs and give rise to technical challengeititerrogation, and are also very susceptiblbeinding, which
generally accompanies with the measurand.

Recently, FBGs were also inscribed in polymer @btifibers and they present widely different optical
characteristics to those in silica optical fibes§ f.g. showing large thermal coefficient. Itlisis very desirable to
combine the FBGs in polymer and silica fibers ftairs sensing with temperature discrimination calitstoby
exploiting the large difference in their thermakéficients. However, their physical properties soedifferent that it

is even impossible to splice them together.

Femtosecond (fs) laser technology has shown greanipe in making microstructures in variety matstia
especially for those which are used to be hard @anipulate, such as glass, ceramic etc. Tightly edufs laser
pulses have been used to induce refractive indexgds for writing optical waveguides and, with #id of
chemical etching, have been applied in micromaokinHole-type features can be created on the sudhdthe
optical fibre and we have developed a techniquaake modification throughout the fiber using fseirigtion [6,7].

In this paper, we report on the creation of a nawdiber hybrid waveguide grating (HWG) structurg using the fs
technique, which has a polymer core and a glasddiclg. The usage of the HWG in a strain sensor with
temperature discrimination is also suggested.
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Fig. 1. (a) Sketch of the sensor concept which istnsf a normal FBG for strain test and a micat bhsed hybrid
waveguide grating structure for temperature moimitpi(b) Sketch of inscription of microstructurestiwiightly
focused femtosecond laser in optical fiber whichindex matched to a planar glass slip.@anning electron
microscopy (SEM) of the micro-slot.
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2. Description of the device and principal of operation

Figure 1 shows the sketch of the hybrid optical @guide and the operation principle of the sensbe 3ensor
consists of two neighbouring FBGs, FBG1 and FBAGRGE is a hormal FBG in glass optical fiber while thther
is used to produce the hybrid waveguide grating JYwvhich is based on a slab waveguide structuth thie

glass cladding and the polymeric core. The slabegaide is made by engraving a microslot through EB@&h

thickness smaller than the diameter of the fibee@nd then filling it with polymer of higher reétive index.
Hence, the HWG is more polymer-inclined and shomis@aced thermal sensitivity compared to FBGL1.

When temperature variation and strain are appliget Bragg wavelength shifts of these two grating
are:Adg; = K, ;Ac+ K AT wherei=1,2 is designated for HWG(FBG1) and FBG2 respebtivK,; and Ky ; are

the strain coefficient and thermal coefficient loése two gratings, respectively. With this relatiee can determine
the temperature and strain applied to the fibeomlinog to the gratings’ spectral response by:
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whereM = K, Ky, - K, ;K ;. With a certain resolution td/llandMZ, say 0.1nm for most optical
spectral analysers, the resolution for discernabit@tion of temperature and strain can be given by

1 1
oT = VQKM| + |K€l|)ED.1nm,5£ = VQKT’J + |KT'1|)[D.1nm )
Apparently the bigger of the absolute valud/ofs, the better resolution will be achieved.
3. Micromachining of the microslot through the optical fiber

Figure 1(b) illustrates the optical geometry of theeromachining of the slot. A glass slip was a@dptvith index
matching oil to eliminate the curvature of the fibgelding perfect modification in the whole regiof the fiber[6].
With well alignment of the focal spot of the lasdth respect to the fiber, a 12500um rectangle patch was then
scanned along the fiber axis and through the dianwdtthe fiber, generating a master pattern ferslot as shown
in Fig. 1(a). For better interception of light frothe untouched fiber section, the modification waade
symmetrically across the core. The modification vedso purposely made in the entire length of the&sFH®
maintain the uniformity of the grating when it wasated by fs laser and later chemical etchingidiwg unwanted
interference on its spectrum.

Following the fs-laser inscription, the fiber withodified region was chemically etched in a 5% HF aolution.
An ultrasonic bath was used to enhance the peiwetrat HF acid and the removal of debris. The etghprocess
can be monitored by examining the transmissiorefiection spectrum of the FBG. A total loss 7dB wasiced
after the etching process was finished. Thankeditty focal volume (arounduin®) of the laser, a very thin layer of
the glass was modified and with the subsequenirgch micro-slot through the fiber with the opemiof 1.2um
height was fabricated as Fig. 1(c) shows, reveaihggh contrast ratio of 100:1.

4. Fabrication and characterization of HWG

Though a range of polymers can be used for filling,used the UV-curable epoxy for fiber coating ¢Blite 950-
200 from DSM Desotech Inc) for the initial work andred it using fiber coating machine. Figure Z{ajes the
reflection spectrum of the device at different staj the experiment. Before infusion, there wasymrie main
Bragg peak at 1548nm, while after filling, a newakeppeared at longer wavelength around 1583nfarther
moved to 1599nm when the epoxy was cured by UM.li§k explained in [7], with high refractive indexaterial
filled in the micro-slot, a hybrid slab-waveguidétiwa polymer core and a glass cladding was formbith has
higher effective refractive index than the optifidler. Its evanescent wave extended to the neiglitgiglass
material, where the periodic grating structurd stilisted, giving rise to Bragg peaks of the sladwveguide. The
further moving of the peak during UV curing processggests increment of the refractive index whendpoxy
turned into solid state. However, due to the lad{féerence between the core and cladding afterefaxy was
cured , light was so well confined in the polymerecregion that the evanescent wave in the glasanbe so small
that the influence of the grating was much reduosaking the Bragg reflection weakened.

The thermal response of the HWG in fiber was therestigated. Figure 2(b) shows its spectra for essigely
increased temperatures. As can be seen clearlyBthgg peak moves to shorter wavelength with irgirep
temperature, indicating decreasing of the refradtidex of the epoxy. In the mean time, the pealobes stronger,
caused by more portion of the light in the glasslding. Figure 2(c) gives the variation of the Bragavelength



with respect to the temperature, revealing an drfinsar relation with a coefficient of 211ptW. The strain
response was also tested and the result is shofig.i2(d), giving an almost linear relation witlt@efficient about
1.3pmfg, similar to that of normal FBGs.

T
N
(\ \JI‘W Epoxy cured |

T T T
o]
ol el T i 1
3
e 1 @ -
o f i)
T \ ] =
< With epoxy filled S
L S 1%
= YL B W e oy o
] o @
3 0y E| E E
<
© 0 ] &
704 Without epoxy filed 4
0 AT ey
0 im0 1o | 1m0 160 6w 160 | 166 1580 1590 1000 1610
Wavelength (nm) Wavelength (nm)
(a) (b)
~ 30 T T T T T
1604 N i
A § Experiment data el
16024 g 28+ —— Linear fit data 7 g =
S L
— 1600-| » i
E " 20 u 1
£ 1soe LN p
= w 211pm/C o~
ERER LTS E 15 ' i
5 "ag & g
D 159 . =< ]
> . < 104 4
§ ] . I
e P
1590 'S 05| - |
- n]
1588 b
T T T T T T T — 00 T T T T T
0 1 2 3. 40 5 6 70 8 % 0 500 1000 1500 2000
Temperature (°C) Strain (ue)

(c) (d)
Fig. 2 (a) Reflection spectrum of the Bragg gratglifferent stages during UV curing of the epafb)Evolution
of the spectrum of the hybrid waveguide grating aiiee temperature varied. (c) Relationship betweerBragg
Wavelength and the temperature. (d) Relationshiywden the Bragg Wavelength and the strain.

5. Discussion and conclusion

Typical FBGs at 1550nm in SMF-28 have thermal doigffit of 10pm7C and strain coefficient around 1pref8].
The results shown in fig.2(c) and (d) illustratattthe HWG presents more than 20x bigger thermaiteity than
common FBGs in glass fiber while its sensitivitystain is similar to that of FBG in glass fibery Bssuming
factors ofM have similar values in equation (1) and then g K; , by 20 times in equation (2), we can find

that using such an HWG/FBG sensor, the resolutiay be improved by 20for the temperature andkZor the
strain.

In conclusion, we propose to use a HWG in conjamctiith FBG strain sensor for improvement of resolu The
HWG was fabricated by infusion and followed curioigepoxy into a 1.2500um micro-slot across an FBG which
was made by fs laser patterning and chemical ajciihe HWG was characterized in terms of strain taedmal
responses, giving linear coefficient of 211p@&/and 1.3pmie respectively. Analysis demonstrates that the
resolution of the sensor is improved<2@r temperature andx2for strain.
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