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Direct writing of optical waveguides in a Pr:ZBLAN glass using ultrafast laser pulses

i Her (M2), B @D, ik Hd(M1)
Yusuke Yamanaka, Hiroki Tanaka, Takuya Sato

Abstract

We report fabrication of optical waveguides in a Pr3*
doped ZrF4-BaFz-LaFs-AlFs-NaF  (Pr:ZBLAN) bulk
glass using direct drawing technique by ultrafast laser
pulses. The waveguiding is observed in a core placed
between two modified track structures. We tried two
processing schemes: (1) with long pulses, and (2)
thicker clad fabrication, and obtained slightly higher
waveguide NAs. We clarified that increasing of a
waveguide NA laser

improved output

characteristics in a Nd:YLF waveguide laser.
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Fig.1 Experimental setup of waveguide fabrication.
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Fig. 2.2 Electric field intensity distributions in

each propagation mode
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Fig. 3.1 Dependence of waveguide NA and propagation
loss on pulse energy.
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Fig. 3.2 Dependence of waveguide NA and propagation
loss on track distance.
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Fig. 3.3 Dependence of waveguide NA and propagation
loss on scanning speed.
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Fig. 3.4 Dependence of waveguide NA and propagation
loss on pulse duration.
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Fig. 4.1 Schematic of a thick-clad waveguide

fabrication
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Fig. 4.2 Dependence of waveguide NA and propagation

loss on clad thickness.

Fig. 4.3 Fabricated waveguide with thick clads. (Left)
Microscope image of fabricated waveguide. (Right)

Near-field image of guided mode at 632 nm.
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Table 1 Waveguide characteristics in several fabricated

conditions
[fs] E[uJ] |vlum/s] |d[um] |tlum] |L,.,[dB/cm]|NA # |NA 1%
WG1 50 4 500 15 1.5 0.767| 0.0269| 0.0113
WG2 50 4 500, 125 15 0.804| 0.283] 0.0113
WG3 50 4 500 15 2 0.814| 0.033/ 0.0115
WG4 50 4 500 15 4 0.804| 0.0347| 0.012
WG5 50 4 500 15 6 0.927| 0.035| 0.0122
WG6 500 4 500 15 15 1.003| 0.0319] 0.0118
WG7 1000 4 500 15 15 1.169| 0.035| 0.0134
WG8 1500 4 500 15 15 0.943] 0.0291| 0.0112
WG9 50+1000 4 500 15 2+2 0.855] 0.0381| 0.0146
WG10 1000 4 500 15 4 1.353] 0.0392] 0.0154
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Fig. 7.1 Dependence of gain characteristics on track

distance.
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Table. 2 Gain characteristics in several fabricated

conditions
[fs] E[uJ] v[um/s] |d[um] t[um] Nooup Ginax G'
WGt 50 4 500 15 15 0.270 1.054] 1.035]
WG2 50 4 500 125 1.5 0.252 1.057 1.037
WG3 50 4 500 15 2 0.304 1.083 1.155
WG4 50 4 500 15 4 0.296 1.086 1.174
WG5 50 4 500 15 6 0.273 1.066 1.043]
WG6 500 4 500 15 15 0.220 1.072 1.046
WG7 1000 4 500 15 1.5 0.281 1.093 1.097
WG8 1500 4 500 15 15 0.174 1.029] 0.880
WG9 50+1000 4 500 15 2+2 0.277 1.096 1.207
WG10 1000 4 500 15 4 0.221 1.057 0.889
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Fig. 10.1 Schematic of waveguide fabrication in
Nd:YLF crystal

Fig. 10.2 Microscope image of fabricated waveguide
with (left) 1.5 um and (right) 4 um of clad thickness.
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Fig. 11.1 Experimental setup of Nd:Y LF waveguide
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Fig. 11.2 Output characteristic of Nd:YLF waveguide
lasers

Fig. 11.3 A near-field distribution of guided mode of the
laser operating
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Fig. 11.4 Focusing property of the laser operating
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Fig. 12.1 Schematic of waveguide fabrication in Pr:YLF

crystal

Fig. 12.2 Microscope image of fabricated waveguide

with 6 um of clad thickness.

Table 3 Characteristics of fabricated waveguide in each

polarization direction
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Fig. 13 Experimental setup of Pr:YLF waveguide laser

cavity
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