Dielectric Waveguides

Basic principles
Slab model

two regions

boundary conditions

dispersion relation — odd and even modes
Cylindrical geometry



Guiding by total internal reflection

Optical fiber

Total reflection if
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Slab Model
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Look for solutions

E= Re{(ﬁ'x,O,E'Z)exp[i(kzz_wtﬂ}

H= Re{(o,ﬁy,O)exp[i(kzz—wt)]}

.

:, f<a

e, f>a

+d

12



Maxwell’s Equations
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Look for solutions
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Maxwell’s Equations
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Look for solutions

E:Re{(é‘X,O,E‘Z)eXp[i(kzZ_wt):|}

H:Re{(o,ﬁly,O)exp[i(kzz—wt)]}



Maxwell’s Equations
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What are the boundary conditions at x = +/- d?
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Maxwell’s Equations
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Combine to a single equation

aEZ:la).uH — kZZEx+ . ax :lwu(_lszy):wzg‘LLEx

© 7 dx ‘
g . -~ /E = ikz aEz /
—lk H = —la)EE \ x wZSH k2 ax
— —iwek ive  OFE.
\ / = o’eu—k. ox
_ E A
ax = lCOSE — Jd z — _SEZ

E)xa) su—kf 0x

0 OF
If £ is constant ——=+(w’eu—k’)E.=0
0x 0x ( H= )




Solve in two regions
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Forx>d, e=¢, l:?z = Aexp(—kx) K= \/kz2 — g,

Evanescent (Spatially decaying) field



Solve in two regions
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For|x|<d, e=g  E.=Bsin(kx)+Ccos(kyx) k, =o' u—k

Spatially oscillating field



Odd and Even solutions
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E, —even (E, — odd) solution
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Dispersion Relation
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Plot both sides versus k., d
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In this case three solutions — modes 0

There will always be at least one.
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Comments

Odd Ez —Even Ex

Always at least one solution
For small diameter d fields outside dielectric
Requires cladding

Even Ez —Odd Ex

- Possibly no solutions




Cylindrical Dielectrics
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Express transverse components in terms of axial components
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Equation for Axial Components

VEeR'E;mo U kH =0

-~

Kl wlen-ky T differt i Sk regip

Region I: k2ew'Cu—k; >0 Region Il ky=Wwega-kg =~ <O

A-

. L= ¢wteger

Hz= By expt i) J (k) CHqer= B K A0

Ordinary Bessel functions Modified Bessel functions
Regular at origin Goes to zero at infinity



Unknowns and Boundary Conditions
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Continuity of Transverse Components
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A, T tke) = A, K (%a)
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Solution
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