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Development of fiber collimator using photonics crystal fiber with alpha-power
air hole diameter distribution

Yokota, Hirohisa
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A photonic crystal fiber (PCF) has periodicallﬁ arranged air holes in its
cross section. As a method for light coupling from a light source to the PCF, we proposed a GI-PCF
collimator in which a GI-PCF with alpha-power air hole diameter distribution in radial direction is
spliced to the PCF. GI-PCF structures to obtain high optical coupling efficiency to the PCF were
clarified, and a prototype of GI-PCF was designed and fabricated. It was also clarified that a
GI-PCF was effective for loss reduction in PCF splicing with gap.
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Step effective Index PCF: SI-PCF

©) PCF Gl
PCF o
PCF
GI-PCF
GI-PCF
GI-PCF
ADI-BPM
GI-PCF
GI-PCF
PCF PCF
(1) GI-PCF
1 PCF 1(a)

PCF 6 Step-like



effective Index PCF: SI-PCF 1(b) GI-PCF
4 a 5,6
4 GI-PCF  SI-PCF
GI-PCF SI-PCF
X X
(a) SI-PCF
1
PCF
30um 1550nm 6.25um SI-PCF
2.71um GI-PCF 2 4~6 SI-PCF
PCF 2
SI-PCF
GI-PCF
GI-PCF
10 12 _ 10 s 12 _
El —1002 {108 34 F Q07RO 1 10
= —P@) T = i )
g: 6 0.8 § g: 6 0.8 §-
S_’, 1 06 B g, 1 06 3
> 4 N > 4 N
E= 1043 = | i 045
g 2 —0.2§ 32| ‘ 02%
£ z = =
0 : : : 0.0 0 : : : : 0.0
0 10 20 30 40 50 0 10 20 30 40 50
Propagation distance z[mm] Propagation distance z[mm]
(a) SI-PCF (b) GI-PCF
2
GI-PCF
n2 ,n: GI-PCF  SI-PCF GI-PCF
SI-PCF 3 GI-PCF
30um 1550nm SI-PCF
-4.6dB -0.42dB
. GI-PCF SI-PCF
Gaussian beam
—
z=0 e -
3SI-PCF  GI-PCF
GI-PCF GI-PCF
Gl GI-MMF
4 SI-PCF
8um 3.5um



30um 1550nm GI-PCF 2
GI-MMF
GI-PCF
1.0
—d/A=0.375
09 | e d/A=0.500
> A d/N=0.625
[ VRTXLIYE Vo
& o8
Q2
=
© 07
g
S 06
[S)
(&)
05
0.4 " . . .
-0.3 0.2 -0.1 0 0.1 0.2 0.3
Fiber length error [mm]
4
GI-PCF
o o  GI-PCF
5
o 1/2
1
=
S04 a=1/4
o3 L ———a=1/2
S [ =
————=
01 - =g=2
ﬂ i i i
3 35 4 45 5
Air hole diameter & [um]
5
GI-PCF 8um 4~6
1-4 1/2
2 PCF
SI-PCF GI-PCF
6 1550nm SI-PCF  GI-PCF
2.71pym GI-PCF 2 4~6
7 GI-PCF
7(a) 7(b) 300pm

GI-PCF

GI-PCF

PCF

a=1/2

3um

GI-PCF
GI-PCF

6.25um SI-PCF
SI-PCF

GI-PCF



SI-PCF GI-PCF SI-PCF
> L
7=0 ——2
LPy; mode of SI-PCF  Gap
6 GI-PCF SI-PCF
1.2 1.2
.10 _ 10
: o —tooun £ 05 —1.0mm
g. ==200um _g. :1.2mm
8 oe Tsoom g 06 & —tomm
g 04 :gggt: § 0.4 [ :;Im
“ o2 Z 02
0.0 0.0
0 2 4 6 8 10 0 2 4 6 8 10
Propagation distance [mm] Propagation distance [mm]
(a) GI-PCF (b) GI-PCF 300um
7 SI-PCF
3 PCF
PCF PCF
8
3
...... ;
8 PCF
8um 3.5um PCF 2
0.8mm 1550nm 30um
9
Gl
12
1 —Gli#EHY ——cHERL
[ .
5 0.6
0.4
0.2
0
{5 FEBE z [mm] )
9 PCF
Gl
PCF
PCF a Gl
PCF

Gl



M. Wakabayashi, H. Yokota, Y. Imai, “Design of graded index type photonic crystal fiber having
a-power air hole diameter distribution with a<1 for fiber collimator application,” Tech. Dig. 11th Int.
Conf. Optics-photonics Design & Fabrication (ODF’18), 28PSa-23, 2018

K. Koizumi, H. Yokota, Y. Imai, “Propagation characteristics in PCF with tapered air holes for fiber
connecting devices,” Tech. Dig. 11th Int. Conf. Optics-photonics Design & Fabrication (ODF’18),
28PSa-26, 2018

K. Higuchi, H. Yokota, K. Yoneya, Y. Imai, “Connection loss reduction in variable optical delay line
by using graded-index type photonic crystal fiber,” IEEJ Trans. Electric. And Electron. Eng., 13, pp.
742-747,2018 DOI:10.1002/tee.22624

H. Yokota, K. Higuchi, Y. Imai, “Light propagation characteristics in photonic crystal fibers with
a-power profiles of air hole diameter distributions and their application to fiber collimator,” Jpn. J.
Appl. Phys., 55, 08RE10, 2016 https://iopscience.iop.org/article/10.7567/JJAP.55.08RE10

30
2018.11.17,
GI-PCF PCF 30
2018.11.17,
Gl
29 2017.11.18,
29 2017.11.18,
- Gl
OFT2016-37, 2017.1.20,
Gl
2016 B-13-24, 2016.9.22,
)
Imai, Yoh
8 20151665
2
Tobita, Hideo
Kiue, Hideyuki



