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Because fiber Bragg gratings (FBGs) have very sharp, narrow-band reflection spectra, they are
well suited to applications involving narrow-band optical signals, such as optical filters in optical
telecommunication systems, fiber laser cavities, and various types of fiber sensors. There, the
effective apodization techniques are ever strongly desired for spectrum shaping such as suppress-
ing side-lobes. We have developed novel technique of the apodization using two-beam interference
method that controls the angle of mirror reflection by very small amount in step-wise or continu-
ously during the time of the FBG formation by UV laser irradiation, which consequently forms
superposition of FBGs of slightly different grating period and hence achieves the apodization.
Experiments by two-step control of the mirror angle have demonstrated very clear spectrum
shaping in suppressing side-lobes. Thus the new technique appears to provide very powerful
apodization technique for the FBG fabrication.
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Fig. 1 Schematic illustration of apodization effect on the FBG reflectivity spectrum. Distribution of refractive
index modulation along the fiber and resulting reflectivity spectrum are depicted in (a) and (b) with no apodiza-
tion control, and are compared with the apodization control in (c¢) and (d) for the same parameters. Note that
the actual number of index modulations is tens of thousand whereas the number is reduced to ten or twenty in the

figure in order to ease the understanding.
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Fig. 2 The growth of the refractive index modulation
against UV laser exposure time. The laser used is KrF
excimer laser (1=248nm) with output energy 240 mJ/
pulse at repetition rate 20 pulses/s.
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ERE2AVALE, SRy - —BEPIcTBRASN
A(t) 2HIBEL CELEBRBECOVWTY, BRELT
Bons FBCOEFTESMEHEET 2 Z EXAJRELE X
3.

2.3 PRIAE— 3 CEIRER

Riz, Fig. 3 WnT HRTBHEREZAVT, EHR
LV ——HEE I 3 7 — R MUNE D Rl & ¢ TSR RA
ZHIEAT A k> T, FBGO7RIAE—> a3 >D
EIHFREMEIC O W THRET 5.

2.3.1 THBREAMHEEEHEL v —V—BHLI5E

BOIC, MRy —F B, TSRAEA 2—
TE DB Tl L TS ¥ 2 ERFIE OSSOV
THRET T 5.

SHRNFEEZ T £ L, COMOTHRARA %2, ¥
Aoy MAEENL A TEALESEZDDET S, ThbDB,
N7 7AN—a7 ETHR ¢ & &b IRET 2 TFEHERL
A(t) %,

4

A(;):A0<1+7t> (=T/2<t<T/2) (5)

ELUTHR L &bl T 2, Zoes, R (4)
RAT % LRI RLRH AL 7 (v, T) 3,

7i(x, T)= e"ZP Si/; cos{%(ﬁ)x}dr (6)
Thb.

2T, FRADcosBABND T/(T+4d7) %= HEER
L, — 2 FBGIKBWIITVv—T 4 TR L LT
R AW X L>AG) OBREETZ 26, BX
ORUNEEZERT S Z L1k b, R (6) ZXRAXD LI

189 (49)



1.4472

14471 :jf

Index n

1.4470

-10 -5 0 5 10
Position x [mm]

Fig. 4 Apodized pr(;ﬁles of refractive index modulation
along the fiber when the mirror angle is continuously varied
during the entire period of UV laser irradiation.
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Fig. 5 Apodized profiles of refractive index modulation
for three different controls of mirror angle during UV laser
irradiation, (a) for continuous control, (b) for two-step
control and (¢) for four-step control of the mirror angle.
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Fig. 6 Experimentally obtained transmission and reflec-
tion spectra under the apodization with two-step mirror
angle control in (b) are compared with those without the
apodization with fixed mirror angle in (a). Theoretical
predictions by FBG computer simulation are shown with
thin lines for each spectrum. Suppression of side-lobes by
around 10 dB is clearly visible with spectral behaviors very
similar to those theoretically predicted.
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