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Abstract This paper describes a conventional determining method of optical parameter

values in the optical waveguides fabricated in glass substrate by using the thermal ion-

exchange technique. An useful relationship between the effective indices of the guided

mode and waveguide parameters is presented in a simple form, and applying it to measured

values of the effective indices, the values of the substrate surface index n0, substrate index

nb and diffusion depth of the doped ion are gotten. Applied the proposed method to the

Ag+-ion diffused waveguides fabricated in the soda-lime glass using AgNO3 salt diluted

with NaNO3 as the ion source, dependences of the optical parameter values on the dilution

of the ion source are performed.

Values of the diffusion coefficient D of the dopant Ag+-ion are also estimated based on

the guess index-profiles in the ion-diffused layer.
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Soda-lime Ag+

NaNO3 AgNO3

Ag+

350◦C

1

1

[mol %]

0.4 – – 20 40 60 80 120 150

1.5 – – 20 40 60 80 120 150

2.0 5 10 20 40 60 80 – –

NaNO3 AgNO3

[NaNO3] [AgNO3]

mol% =
[AgNO3]

[AgNO3] + [NaNO3]
× 100 %
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5.
n0 a nb β

0.6328 µm He-Ne

5.1 n0

n0 2

2 n0

[mol %] 0.4 1.5 2.0

n0 1.566 1.579 1.588

5.2 a

a 3

3 a [1/µ m]

mol% 5 10 20 40 60 80 120 150

0.4 - - 5815 7.224 9.999 11.373 12.482 13.271

1.5 - - 6.617 8.157 11.630 12.237 13.061 15.852

2.0 3.730 5.775 6.685 9.286 11.807 13.333 - -
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5.3 nb

nb=1.517

5.4

5 7

5 0.4 mol % 6 1.5 mol %

7 2.0 mol %
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D 8 D 2

2 D

8 erfc exp 2 D

D 4

D

4 D

mol % 0.4 1.5 2.0

D [µm2/min] 0.833 1.668 1.755
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9 11 D

9 0.4 mol % 10 1.5 mol %

11 2.0 mol %
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[
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[1] 13 D

Ag+

12 (a) t=10 min.

(b) t=40 min. (c) t=80 min.

13 2 2 mol %)
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8. n2
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4 2
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( 0.4 mol %)
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