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Electromagnetics:
Electromagnetic Field Theory

Slab Waveguide Analysis
Setup

Solution Categories

Slab Waveguide Analysis

* Material properties uniform and infinite
along one direction

* Maxwell’s equations simplify and decouple
into two independent sets of modes.
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Geometry and Solution
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E(x,y,z) =§0 (x)e_jﬂz
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Amplitude Profile
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Wave oscillations

/3 = phase constant
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Origin of TE and TM Modes (1 of 2)

X

Given this geometry
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Origin of TE and TM Modes (1 of 2)

X

Given this geometry

d

— =0
dy

jﬂEo,y =—jouH,, Eq. (13) jﬂHo,y = JWeE, , Eq. (ld)
. aE V4 . H ¥4
-jp ox a; = _]a):uHo,y Eq. (lb) _]:BHO - a): = ]ngo, Eq. (le)
IE,, . oH .
ax, =—jouH,,  Eq.(lc) a_xoy = joeE,,  Eq. (If)
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Origin of TE and TM Modes (2 of 2)

Maxwell’s equations have decoupled into two independent sets of equations.

TE Mode (i.e. £, = 0) TM Mode (i.e. H, = 0)

JBE,, =—jouH,,  Eq.(2a) JjBH,, = jweE,,  Eq. (2d)
. 0: _ . . aHo,z .
-JPE,, — =—jouH, Eq. (2b) —jPH,, - Fe = JwEE, , Eq. (26)
oE o0H
% =—jouH,  Eq.(2c) o = jweE,  Eq. (2f)
X ox
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Origin of TE and TM Modes (2 of 2)

Maxwell’s equations have decoupled into two independent sets of equations.

TE Mode (i.e. Ey. = 0) TM Mode (i.e. H,_=0)
oH oE, .
—jpH,, ——== jweE, Eq. (3a) —jBE, . ——==-jouH,,  Eq.(3d)
ox ox
jﬂEO,y =—jouH,, Eq. (3b) jﬁHo,v = JWEE, , Eq. (36)
E, 0H,
ﬁz_.]'w;uHo— Eq. (30) ﬁzngEm Eq. (3f)
ox ~ ox .
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TE Wave Equation

Solve Eq. (3b) for Hy , and solve Eq. (3c) for Hy ,.

TE Mode (i.e. E,,, = 0)

0H, .
_jﬂH0x_¢=ngEo y Eq. (33)
B ax ) ﬂ
JBE,,=-jouH,,  Eq.(3b) Hoo ==y Fos
0,y — _ijuHo.z Eq (30) —_— g —_ 1 BEM
ox * jou ox

) 1 OE

0H, . . yij 0,y .
—_7 _ 2 7 _ -~ F I | = E
JBH, . JWEE, , -) B [ owj ax[ 71'60 o j JWEE, , -
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Eq. (4a)

Eq. (4b)

Substitute Eq. (4a) and (4b) into Eq. (3a) to obtain an equation that only contains Ej ,,.

ox\ u ox

oE
ﬂi£l¢j+k§1§w =0
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TM Wave Equation

Solve Eq. (3e) for Ej , and solve Eq. (3f) for E ,.

TM Mode (i.e. H,, = 0)

) oE, . .
—jBE, . - ; =—jouH,,  Eq. (3d)

0.
JjBH,, = joEE, Eq. 3¢) —m—-— £, =£Ho,v Eq. (5a)
oH, 1 0H
—Y = jweE, Eq. (3f B —— = 0
o= Joek,. q. (3f) E,. S Eq. (5b)

Substitute Eq. (5a) and (5b) into Eq. (3d) to obtain an equation that only contains H ,.

9L, o B 9 ( 1 oHy\_ . d(10H,,) ,
_j o il L, |- T oA, I 2w g =0
]ﬂEoJ- I JouH, =) ]ﬂ(wg O,yj ax[ng o JOUH, , o gax ¢ o +i
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Typical Modes in a Slab Waveguide
1.985 1.939 1.862 1.751 1.607 F Effective refractive indices
TE Modes X
I 1.84, }—> z
ncore : 20 y
Ny,q=15
|
Effective refractive indices —> 1.983 1.933 1.848 1.728 1.583
1.8/?.01
TM Modes :
ncore S 2'0
Nejad = 15
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Remarks About Slab Waveguide Analysis

* Waves are confined in only
one transverse direction.

* Waves are free to spread out
in the uniform transverse
direction

* Propagation within the slab
can be restricted to the z
direction without loss of
generality.
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