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Fabrication of optical waveguide on LiNbQO; substrate by proton exchange
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Abstract Planar optical waveguides which have a higher refractive index than that of substrate were fabricated by
proton exchange between Li* and H*. Benzoic acid was used as proton source and process was carried out under the
various reaction time and temperature. The depth of waveguide layer and the generated mode number were investigated
by standard prism coupler. The cut-off depth for the fabrication of single mode optical waveguides was obtained by the
function which was expressed on refractive index profile. Finally, the experimental conditions for cut-off depth of single
mode could be confirmed. Channel waveguides were manufactured from these confirmed conditions and the effective

confinement of the induced light into waveguides was observed.
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Fig. 1. Plot of the extraordinary refractive index profile of
layer exchanged for 150 min, at 220°C and 240°C.
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Table 1
Determination coefficient for curve-fitted result of specimen exchanged at 220C for 300 min
Depth Index (x-3.88348) 1 + e(x-3.88348) 4.17841/d Average  (Yi- m)’ (Y1-m)
x) (Yi) 0.13979 0.13979 (d) -1.94095 (Y1) (m)
0 2.2446 -27.7808 1 2.23746 2.196892 0.002276 0.001646
2.1265 2.2406 -12.5687 1.000003 2.237445 2.196892 0.00191 0.001645
2.7469 2.2326 -8.13062 1.000294 2.23623 2.196892 0.001275 0.001548
3.0147 2.2223 -6.21489 1.001999 2.229122 2.196892 0.000646 0.001039
3.1705 2.2076 -5.10036 1.006095 2.212149 2.196892 0.000115 0.000233
3.2599 2.1901 -4.46083 1.011553 2.189739 2.196892 4.61E-05 5.12E-05
3.3184 2.1689 -4.04235 1.017556 2.165369 2.196892 0.000784 0.000994
3.3602 2.1443 -3.74333 1.023675 2.140823 2.196892 0.002766 0.003144
3.3836 2.115 -3.57594 1.027989 2.123694 2.196892 0.006706 0.005358
0.016524 (SST)  0.015656 (SSR)

r = 0.015656/0.16524 = 0.94747

x:238% Zo|,Yi:mode & FHE,Y1:fitting ol 21 ZFAE F,m:Yi] HF,r: AZASF.



Fabrication of optical waveguide on LiNbQ; substrate by proton exchange 299

100 — ' (a)

N
v g
50 4 \\\ N
\

w4 Blank sample “-‘_\l’
== =-300min. 180%C \
""" 300min, 190°C Y.
==w=:=300min. 200 T 7

T T T =T 1
3350 3400 3450 3500 3550 3800

00 WA

70 -

80 +

Blank samole
""" 150min, 180C

507 -=--== 300mIn, 180 T

40 <

30 T L T T ¥ 1
3300 3350 ° 3400 3450 3500 3550 3800

Fig. 2. Variation of FT-IR spectra, (a) with reaction tem-
perature, (b) with reaction time.
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Fig. 3. Plot of depth of the exchanged layer with various
temperature.
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Fig. 4. Plot of diffusion coefficient dependence of reaction
time.
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Fig. 5. Plot of matching between the theoretically ob-
tained modal filed curve and the experimental result
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Fig. 6. SEM photograph of layer exchanged for 150 min,
at 220°C.
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Fig. 7. Light confinement under monochromatic light in
Mach Zehnder interferometer:
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