Lecture 7: Optical waveguides

Petr Kuzel

Types of guiding structures:

 Planar waveguides (integrated optics)




Homogeneous planar waveguide
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Transverse resonance condition

E, = Ej exp(ioot —ikn; (—xcosa; +zsina ; ))




Waveguide equation

Continuity of E, and E, lead to:
exp(— 2ikn;hcosa ; +id, +i65):1

Waveguide dispersion equation:

2kn.hcosa; =0, +9, +21m




Graphic solution of the
waveguide equation
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Longitudinal propagation

Longitudinal propagation constant:




Waveguide dispersion
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Waveguide dispersion

Waveguide dispersion 3 (w)

Guided modes
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Wave approach to waveguides

Linear combinations of the basis functions should satisfy the
continuity conditions at the interfaces

» One-dimensional planar waveguide: harmonic plane waves

» Rectangular waveguide: analytic solution does not exist




Planar waveguide
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Attenuation in waveguides

Mechanisms:

* Intrinsic
Residual absorption (SiO,, impurities: OH~)
Rayleigh scattering (proportional to w*)

e Extrinsic




Attenuation Iin waveguides

Rayleigh
scattering

Peak of
1 ﬁ second
1 harmonic
1.2 F + . .
S H vi:bratlon
g 1of ’ of OH
g0 |
> | .
= 08F Fok AT
8 o6t J \ W ()
= \
P Urbach
S | tail of
S o2} 2 g8 e
B \ vibrations

0.0 1 1 1 i
120% 1300 1400 1500 1600 1700\ Sl
WAVELENGTH (nm)

L==c}l,\.§-’5<5n>/)t4 | L=c, exp[A./(Ag-A)]



Dispersion

Broadening of pulse during the propagation (limits the rate of the information
transfer)

1. Modal dispersion (tens of ns per km) Ay, N_. N

Single mode fibers, gradient index profile - ¢ ¢ .
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