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Mode Orthogonality & Completeness
in Dielectric Waveguides
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Mode Orthogonality & Completeness
in Dielectric Waveguides

z-Reversal Symmetry:

VxE = —jwuH,.
VxH = +jwe(:r,y)§,g.

. - 0. (o o o
V = Vt—|— 62‘2 = (ar‘l—@y) + az,..,

Er = Gip+Ent = (Eupit + Eyul) + Eni?,

He = Moo+ Haowz = (Haoud + Hyei)) + Hai?.

_ _ X gt,—f. — 5;,&
Vix&p = —jwpoHz,
— — — gz,—f — TGzl
Vo (£02) = e (5% ) = —jwnoHue } )
= - . Ht,—f — —Htjfe
vt X Ht,f — +jw€(1?5 y)gz,ff'?:
- - — Hz,—&' — Hz,f1
Vi x (Hze2) — jfe (‘3 X Ht,f) = +jwe(x,y)Ey.
B¢ = —f4,
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Mode Orthogonality & Completeness
in Dielectric Waveguides

Time-Reversal Symmetry:

V x (Sgeﬂ-dfz) = —jwio (Hzeﬂd’fz) .
V x (H’Eeﬂﬁf") = +jwe(x,y) (Szeﬂ'ﬁf").
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Hz,f — _%;;fj
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Mode Orthogonality & Completeness
in Dielectric Waveguides
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Mode Orthogonality & Completeness
in Dielectric Waveguides

// gt,—m X ﬁ;n + gfn X ﬁt,_m] czdrdy =0, =
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Guided Modes
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Radiation Modes
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Mode Orthogonality & Completeness
in Dielectric Waveguides

Power Considerations
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Mode Orthogonality in Slab Waveguides

TE Modes
Ey = §E(x)e 95
ﬁ{ff = [CIHQ; f(r) —+ SHZ‘E]'? iBez — rd_gg ¢ — 2— 1 ({Ey e—j,ﬁgz.
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Mode Orthogonality in Slab Waveguides

TM Modes
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Example Discontinuity in a Slab Waveguide
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Example Discontinuity in a Slab Waveguide
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Example Discontinuity in a Slab Waveguide

Boundary Conditions (neglecting radiation/substrate modes)

Formulation 1
(Es+ Ep) Elo(x) = ERell(x),

BL(—EL+ E)) &l o(x) = —BUELEN (2).

(1+-r0)5;50(;r) = tgfﬁ)(;r):

Gy (—1+70)ELy(x) = B te&EM (2),

(1+70) (€y0(2), &)}y, = ol

B (14 10) (o). b = Y
B + "
to = Pin ﬂézf%éf (8;,0(55):5;5(55))11:
o) b = e [ el (Efb) " de
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Form1:nc=1,nf=1.55, "s=1'45‘ h‘| =1 pm, AD=1 pm

Example Discontinuity in a Slab Waveguide

Power Considerations (Formulation 1)

kong kome
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Example Discontinuity in a Slab Waveguide
Boundary Conditions (neglecting radiation/substrate modes)

Formulation 2

(ES+ Ep) Elo(x) = EiEN(2).
Bh (~Eb+ Ep) Elg(a) = —BELEN ().

(1+-r0)5;50(;r) = tgé'ﬁ)(;r):
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Reflection & Transmission Coefficients, oty

Example Discontinuity in a Slab Waveguide

Power Considerations (Formulation 2)
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Example Discontinuity in a Slab Waveguide

Formulation 2 with Substrate & Radiation Modes
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Example Discontinuity in a Slab Waveguide

Formulation 2 with Substrate & Radiation Modes

Boundary Conditions
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Example Discontinuity in a Slab Waveguide

Formulation 2 with Substrate & Radiation Modes

Electricor Magnetic Wall
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Example Discontinuity in a Slab Waveguide

Formulation 2 with Substrate & Radiation Modes

Boundary Conditions after Projections
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Example Discontinuity in a Slab Waveguide

Convergence (Formulation 2) with Substrate and Radiation Modes

Forma2: n_= 1, n,= 1.56, n = 1.45, h1 =1, h2 = 0.8 um, )‘o =1 um
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Example Discontinuity in a Slab Waveguide

Convergence (Formulation 2) with Substrate and Radiation Modes

Form2:n_=1,n_=156,n_=145h,=1,h_=08 um, A_=1 um
c f s 1 0

1-2 T T T T T T T T
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i
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Example Discontinuity in a Slab Waveguide

Formulation 2 with Substrate and Radiation Modes (100 modes)

Form2:n_=1,n =156, n_ =145h =1,1 =20um,t_=20 um, A =1um

Form2:n_=1,n =156, n_=1.45h =1,t_=20um,t_ -EDpI'I"I}. =1 pm
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Example Discontinuity in a Slab Waveguide

Formulation 1 with Substrate and Radiation Modes

Boundary Conditions after Projections
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Example Discontinuity in a Slab Waveguide

Convergence (Formulation 1) with Substrate and Radiation Modes

Form1: n_= 1, n,= 1.56, n_= 1.45, h1 =1, h2 =0.8 um, )‘u =1 um

r
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Example Discontinuity in a Slab Waveguide

Convergence (Formulation 1) with Substrate and Radiation Modes

Normalized Powers
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Example Discontinuity in a Slab Waveguide

Formulation 1 and 2 with Substrate and Radiation Modes (100 modes)

Form1: I'I:= 1, I'I|= 1.56, I'Ia =1.45, |'II =1, t[:= ED;,;rn, tg: 20 e, AD= 1 jem
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Example Discontinuity in a Slab Waveguide

Formulation 1 and 2 with Substrate and Radiation Modes (100 modes)

Formi:n =1,n=1.56,n =145h =1t =20um,t_=20pum, A,=1pxm
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