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Waveguide Condition

270, (2a)
A

cosf. —¢ =Mrx

m = Integer, n; = core refractive index, g, 1s the
Incidence angle, 2a is the core thickness. ¢ is the phase
change upon TIR at the n,/n, boundary

Minimum g,, and maximum m must still satisfy TIR
There are only a finite number of modes

Propagation along the guide for a mode mis

B =k sing. :(Zlesin 0,
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Modes in a Planar Waveguide: Summary
27m, (2a)

Cosf. —¢g. =Mx

!

Phase change upon TIR at n,/n,, and depends on &,

27,

L =ksing, =( Jsin O,

E(y,2,t) = E, (y)cos(at — 3,2)

|
‘ Traveling wave along z
Field pattern along y
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Intermode (Intermodal or Modal) Dispersion
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Schematic illustration of light propagation in a slab dielectric waveguide.
Light pulse entering the waveguide breaks up into various modes which
then propagate at different group velocities down the guide. At the end of
the guide, the modes combine to constitute the output light pulse which is
broader than the input light pulse.
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Example on Waveguide Modes

Consider a planar dielectric guide with a core thickness 20 um, n,
= 1.455, n, = 1.440, light wavelength of 900 nm. Find the modes

— —1/2

2

TIR phase sin” 4, —(22)

change ¢, for  gan(14 )=L - TE mode
TE mode cos o,

cosf. —@. =Mrx

4

¢. =2ak,cosf —mrx

Waveguide 27, (2a)
condition

Waveguide
condition
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C —1/2

Mode m, incidence angle 6, and penetration o, for a planar dielectric waveguide
with d = 2a =20 um, n, = 1.455, n, = 1.440

m 0 1 2 3 4 5 6 7 8 9

0 89.2° |88.3° |[87.5° |86.7° |859° |850° [84.2° |83.4° |82.6° |81.9°

o. (um) [0.691 |[0.702 |0.722 |0.751 |0.793 |0.866 [ 0.970 | 1.15 1.57 3.83

m

m=0 Highest
Fundamental mode
mode

Critical angle @, = arcsin(n,/n;) = 81.77°
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Waveguide Dispersion Curve

>

Slope = ¢/n,
) Slope = ¢/n,
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a)cutoff

> ﬂm
The slope of @ vs. B Is the group velocity v
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Mode Group Velocities from Dispersion Diagram

2 (m/s)

2.08x10°

Group velocity vs. frequency or wavelength behavior
is not obvious. For the first few modes, a higher

2.07x10% - mode can travel faster than the fundamental.
'l'l~l4
2_06><]08— ""'—'—-‘—-_——-H——C/nl
2.05x10° | | | > @ (rad/s)
0 T 1x10'3 2x10'3 3x10'3

Oypofr = 2-3x 101

The group velocity v, vs. @ for a planar dielectric guide with a core thickness (2a)
=20 um, n, = 1.455,n, = 1.440. TE,, TE, and TE,
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Not in the textbook

A Planar Dielectric Waveguide with Many Modes

508 c/n,
m=0
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The group velocity v, vs. o for a planar dielectric guide
Core thickness (2a) = 20 um, n; = 1.455, n, = 1.440

[Calculations by the author]
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Not in the textbook

Dispersion in the Planar Dielectric Waveguide with TE, and TE,
(Near cut-off)
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Not in the textbook

A Planar Dielectric Waveguide with Many Modes

n=2s
208 c/ny 120
m =55
Operating m=6s
T 2.07 frequency
x108 ,1,
2.06 | —< Cc/ng

Vy ~ Range of group

2.05 / — velocities for 65

a)cutoff —j\ mOdeS

2.04 + . . . <— (c/ny)sing, = cn,/n,?
0 0.5x1016 1.0x106 1.5%1016

o —>

Multimode operation in which many modes propagate with different group
velocities

V, Vs. o for a planar dielectric guide with a core thickness (2a) = 20 um, n; = 1.455, n, = 1.440
[Calculations by the author]
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Not in the textbook

Dispersion in the Planar Dielectric Waveguide with Many Modes
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(Since n, and n, are only slightly
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Not in the textbook

Dispersion in the Planar Dielectric Waveguide
Many Modes

L= 1

Output Broadened
pulse pulse

Ar 1 1 At (n,—ny)( n
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(Since ny/n, = 1)
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