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Growth of Long-Period Gratings indHLoaded Fiber
After 193-nm UV Inscription

Bai-Ou Guan, Hwa-Yaw TanMember, IEEESiu-Lau Ho, Shun-Yee Liu, and Xiao-Yi Dong

the growth behavior of long-period gratings in Hx-loaded fiber im-
mediately after 193-nm UV inscription. Growth of grating reso- Y / / (b)
nance peak by as much as 14 dB was measured. Impact of temper-
ature and grating strength, immediately after UV inscription, on
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Abstract—This letter reports and provides an explanation for ["‘1’ I" ] \r | l Vl | '(a)
-

the growth behavior are also discussed.

Index Terms—Fabrication, long-period gratings, photosensi-
tivity, thermal stability.

|I. INTRODUCTION

ONG-PERIOD gratings (LPG'’s), which couple the fun-
damental guided mode to forward propagating cladding
modes [1], have attracted considerable interest because of
their extensive applications in both telecommunications and
fiber-sensing systems. LPG’s are commonly fabricated in v \[ ?\ (e)
fibers loaded with H under high pressure so as to enhance its
photosensitivity. After the UV writing process, the unreacted
H, slowly diffuse out of the fiber and changed the effective
index of propagation of guided optical modes. This causes a
large change in both the central wavelength [2], [3] and the =~ 1180 1430 1680
peak loss of the resonance peaks [4]. Even though éaaly Wavelength (nm)
[4] reported the growth of LPG's in Hloaded fiber after
248-nm UV inscription, they offered no exp|anati0n to theiFig: 1. Trar_lsmis_si_on spectra of the LPG at different time after UV inscription:
observation. In this letter, we report the growth characteristi‘;"jg‘{uhSt afterinscription, (b) after 0.5, (c) after 1.0h, (d) after 20 h, and () after
of LPG’s inscribed with 193-nm UV light in kHoaded fibers '
and offer an extension of the explanation given by Ba&hsl.
[2] to account for the growth dynamics of the LPG’s immeditransmission spectra of LPG’s during and after UV inscription.
ately after 193-nm UV inscription. The effects of temperaturgfter the UV inscription process, the LPG’s continue to grow

and initial strength of LPG’s on the growth behavior are als@ith time. Fig. 1 shows the transmission spectra of an LPG at
discussed. different times immediately after UV inscription has stopped.
Five resonance peaks (b~ LPgs cladding modes) were
Il. EXPERIMENT AND DISCUSSION obse_rved in the wavelength range of 1180680 nm. The
) o ) maximal resonance peak (bfcladding mode), with a loss

In the experiments, 2.5-cm-long LPG’s with a period 0ff 392 dB (corresponds to a calculated index modulation of
400 pum were written in Corning SMF-28 fiber that had been | « 10~—4) just after inscription [Fig. 1(a)], reached 17.91 dB
previously h-loaded at 140 atm at 70C for seven days. after 20 h [Fig. 1(d)]. The growth of the resonance peaks of
The fiber was exposed to a 193-nm ArF- excimer laser with §fe | PG with time is plotted in Fig. 2. It can be seen that the
energy density of 140 mJ/Cifpulse and a repetition rate of esonance peaks grew rapidly during the first few hours and
4 Hz through an amplitude mask. A broad-band light sourggached the maximum value after 20 h. They then decreased
and an optical spectrum analyzer were used to monitor tQI%wly to about 15.5 dB (index modulationl.8 x 10~*) after

440 h [Fig. 1(e)].
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Fig. 2. Growth of resonance peaks of the LPG with time after UV inscription. ()
(a) Short-term growth. Inset shows section of the fiber irradiated with UV

light. (b) Long-term growth. Inset shows the experimental result (dots) amig. 3. Growth of the maximal resonance peak of the LPG’s immediately
prediction (solid line) of the decay of the LPG’s 4fresonance after it reaches after UV inscription. (a) With different initial grating strengths: i) 7.36 dB;

its maximum loss. ii) 5.29 dB; iii) 3.92 dB; iv) 2.02 dB. (b) At different temperatures: i) 43;

ii) 32°C; i) 23°C.
refractive-index change. Furthermore, strong absorption of tthe exposed core section. As a result, the index modulation will
193-nm UV light by the core could raise its temperature by mobe increased, and hence the strength of the LPG will grow. The
than 200°C [5] and cause rapid diffusion ofHnto the exposed growth process continues until the oncentration in both the
core section from the cladding and the adjacent unexposed cexposed core section and the unexposed core section is approxi-
section. We can ignore the effect of the UV light on the exnately equal £20 h after grating inscription). The in-diffusion
posed cladding section because the transmission of 193-nm lighH, into the exposed core section is relatively fast in com-
across the fiber's fused silica cladding is typically greater thgrarison with the out-diffusion of Hfrom both the exposed and
99.99%. Therefore, thedtoncentration in the unexposed cor@inexposed core sections into the cladding because of the much
section and the cladding remain approximately constant afsmnaller volume of the fiber core. For the next 420 h,iklthe
the grating writing process. Consequently, there is a large di#xposed core section, unexposed core section, and cladding re-
ference of H concentration between the exposed core sectigion will slowly diffuse out of the fiber. During this period, the
and the unexposed core section and between the exposed cateof H, out-diffusion from both the exposed core section and
section and the exposed cladding region immediately after Uke unexposed core section is equal and thus will not cause fur-
inscription. In order to restore equilibriumghuvill diffuse from  ther change in the refractive index modulation nor the grating
both the unexposed core section and the cladding region to tieength, but it will shift the resonance peaks to a short wave-
exposed core section as well as into the surroundings. Sinceldrggth [Fig. 1(e)]. The reason for the decrease of the loss peak
refractive index of the fiber is related to the ldoncentration in Fig. 2 is mainly due to the decay of the grating [7]. The inset
[6], the refilling of He will further raise the refractive index of in Fig. 2(b) shows the decay of the §fresonance peak after
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reaching the maximum value. It agrees well with the predictidchen decreases subsequently. The decrease of the peak loss in
made by Erdogan’s power law model Fig. 3(a) is also due to the same reason.
N In summary, we presented our observation of the evolution of
An(t)/Ano = 1/(1 4 At%) the growth of LPG's in H-loaded fiber, after inscription with
with A = 0.00191 ande = 0.452. 193-nm light. Our results shows that LPG’s peak loss at the

The growth behavior of the LPG's after UV inscription de_e_nd of L_JV writing is significantly underestimated du_e to the
pends strongly on its initial strength. Fig. 3(a) shows the groWgy‘ferenna_l between unrea_cted and reacted Hydrogen in the core
of the maximal resonance peak of the LPG'’s with different in2"d cladding. An explanation to account for the large change in
tial strength. It can be seen that LPG's with larger initial strengfh€ résonance peak and the impact of temperature and grating

grow more rapidly. In the LPG with larger initial strengths, morditial strength on the growth behavior were also presented.

H- in the exposed core section were used up during UV inscrip-

tion, resulting in larger bl concentration differences between REFERENCES

the e>_<pos_ed core s'ectlon and the unexposed C.Ol’e'SGCtIOI’l. Henm M. Vengsarkar, P. J. Lemaire, J. B. Judkins, V. Bhatia, T. Erdogan, and
the diffusion of K into the exposed core section is faster, re- J. E. Sipe, “Long-period fiber gratings as band-rejection filtr[ight-
sulting in a more rapid growth of the grating strength. wave Techno].vol. 14, no. 1, pp. 58-65, 1996.

. S . [2] F. Bakhti, J. Larrey, P. Sansonetti, and B. Poumellec, “Impact of
The H, diffuse faster with increase in temperature, thus hydrogen in-fiber and out-fiber diffusion on central wavelengthhh of

heating can hasten the growth of the LPG’s. Fig. 3(b) shows  Uv-written long period grating,” inBragg Gratings, Photosensitivity

the growth of the maximal resonance peak of the LPG’s with and Poling in Glass Fibers and Waveguides: Fundamentals and
h initial h at diff | | K Applications ser. 1997 OSA Technical. Washington, DC: Optical
the same Initial strength at different temperatures. It only too Soc. Amer., 1997, vol. 17, pp. 55-57.

13 min for the peak loss to grow from 6.9 dB to about 21 dB [3] F. Bakhti, J. Larrey, and P. Sansonetti, “Annealing of long period grat-

at 43°C. Similar process required 20 and 38 min at’&and ings in standard hydrogen-loaded fiber,"Bnagg Gratings, Photosen-
23°C ivelv. Aft hi b 21 dB th K sitivity and Poling in Glass Fibers and Waveguides: Fundamentals and
» respectively. Aiter reaching about the peak 10Ss  appjications ser. 1997 OSA Technical. Washington, DC: Optical Soc.

decreases with time. In the measurement, a low OSA resolution  Amer., 1997, vol. 17, pp. 49-51.
was used (resolution set to 5 nm) because of the low powef4] J- N. Jang, K. H. Kwack, S. B. Lee, and S. S. Choi, "Dynamics of

. . coupling peaks by H2 diffusion in long-period gratings filters,” in
density of the broadband light source, thus the actual value of  g.,04 Gratings, Photosensitivity and Poling in Glass Fibers and

the peak loss could be much larger than 21 dB. The mechanism Waveguides: Fundamentals and Applicatiossr. 1997 OSA Tech-
that causes this decrease behavior is different from that in Fig. iﬂ nical. Washington, DC: Opt. Soc. Amer., 1997, vol. 17, pp. 213-215.

dis h . hf The d fth P. J. Lemaire, A. M. Vengsarkar, W. A. Reed, and D. J. DiGiovanni,
and Is happening at much faster rate. e decrease of the pe “Thermal enhanced ultraviolet photosensitivity in Ge@nd ROs

loss in Fig. 3(b) is due to the fact that the peak 163 LPG’s doped optical fibers,Appl. Phys. Lett.vol. 66, no. 16, pp. 20342036,
follows a sinusoidal function of the refractive index modulation 1995.

L .9 . . [6] B.Malo, J. Albert, K. O. Hill, F. Bilodeau, and D. C. Johnson, “Effective
and is given byS = sin”(nL). WhereL is the grating length index drift from molecular hydrogen diffusion in hydrogen-loaded op-

andn is the coupling coefficient that is directly proportional to tical fibers and its effect on Bragg grating fabricatio&/ectron. Lett,
the index modulation [8]. As the index modulation increases, __ Vol- 30, no. 5, pp. 442443, 1994.

. . [7] H. Patrick, S. L. Gilbert, A. Lidgard, and M. D. Gallagher, “Annealing
the peak loss increases uniil = =/2. WhennL > =/2, of Bragg gratings in hydrogen-loaded optical fibel, Appl. Phys.vol.

the peak loss decreases with the index modulation. Since the 78, no. 5, pp. 29402945, 1995. _

initial strength of the LPG’s in Fig. 3(b) is relatively large, [l S:A. Vasiliev, E. M. Dianov, D. Varelas, H. G. Limberger, and R. P.
h filina of H, raise the refractive index modulation and Salathe, “Postfabrication resonance peak positioning of long-period
the refilling 2 ) e cladding-mode-coupled gratingsOpt. Lett, vol. 21, no. 22, pp.
eventuallynL > 7 /2, so the peak loss increases initially and 1830-1832, 1996.

Authorized licensed use limited to: Hong Kong Polytechnic University. Downloaded on March 14, 2009 at 10:49 from IEEE Xplore. Restrictions apply.



