Lect. 11: Metallic Waveguides

Can we send EM waves without worrying about diffraction? Waveguides

Consider Metallic Waveguide
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Solve the E&M wave equation V°E — ,ug% E=0
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Lect. 11: Metallic Waveguides

E(X, y,Z,t) = E(y).e—lﬁz gl
/ / B+ (- BE(y) = 0
W oz q dy
< V (k2:a)21u5)
X

> »
l L
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Simplest solution: ~ E(y) =YE, with S =Kk

E(x,y,2,t) = YE;e e/ (Plane wave between top and bottom plates)

Boundary conditions?

_ E
Corresponding magnetic field? H (X, y,z,t) = —Xx—2e gl

= TEM Solution Transmission Line with V(x,y,z t)and / (x,y,z,t)
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Lect. 11: Metallic Waveguides

E(x,y,z,t)=E(y)-e /.l
d 2

yAVz d ay? E(y)+(k*-B°)E(y)=0

<«

W

Another type of solution: E(y) = XE, sin(ky y)

E(X, Yy, Z,1t) = XE, Sin(kyy)e‘jﬂzej“’t (B 2_ 2 _ kyz)

mz
Boundary conditions? ky = T Quantization of &, and S

=» TE Solution
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Lect. 11: Metallic Waveguides

/ / TE Solution
E(y,z)=XE,sin(k,y)e "
yVZ d 2
Mz mz
‘ k = 2 — k- | ==
3( < > y IB ( j

W d

- : —ifr _ (alkyY  amikyYya-ipe
Interpretation 5|n(kyy)e (e —e ™)e

=» two plane waves propagating in different directions

EM In y-direction, the phase should be the same
H after one round-trip

y : 2mz Mz
] exp(-j2k,d)=1 = k, = o

(perpendicular polarization)
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Each m gives different solution

TE,,

=» mode
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M TE Solution
E
\H

— : oy ms
y E(y,z) = XE,sin(k,y)e "k, =—
| . d
Each mode has its own propagation constant g
2 _2
[, 2 2 m-z
How many modes for a given waveguide at o ?
For given m, there is w for which =0
mrz m
W, = or f_ = . => cut-off frequency
d/ ue 2d ./ ue
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Lect. 11: Metallic Waveguides

m2 2
f=k*—k° = \/a)zyg— df

@ VS [ diagram

- Phase velocity?

- Group velocity?
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Lect. 11: Metallic Waveguides

/ / Wave equation in magnetic field?

% dy - B)H (y) =0

3( <
" F (y)=XH, cos(k,y) (k?=k 2+ A7)
H(y, z) =xH,sin(k, y)e
M .
Boundary conditions? ky e Quantization in ky and p

Corresponding electric field?

E(y,z) = VE, cos(k,y)e " + ZE, sin(k, y)e

=» TM Solution

Optoelectronics (2016/2) &) W.-Y. Choi



Lect. 11: Metallic Waveguides

/ / TM Solution
nz
Z d d

YV H(y, ) = XH, cos(k, y)e * K, =

d »
< »

W
. _1 k _ k s
Interpretation COS(ky y)e 1z (el Woya) yy)e ip

=>» two plane waves propagation in different directions

E%\A In y-direction, same phase after one round-trip

/ : 2mz Mmrx
X exp(-j2k,d)=1 = k, = =
P y " 2d  d

(parallel polarization)
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TM Solution

pz

| VE, cos(k, y) + ZE, sin(k, y

XH, cos(k, y)e™’

E(y, 2)

H(y, z)
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i 1

i

M
d
Each m gives different solution

G FILLIITAN

fiad CANIRZ LN
AT

AL
s i} ../{.rl.\k__;.,.fl

e 5 3 A1 S
v b 3 m——— 4 a—
e T % 1 gy | ]

s 1 K\ﬁ.\l!'if{rf\\.\tl
CERR | m\\.\llrf.&.-.\\tl
N
;j::.uzéw.
AT, Y

11, __,w: ﬁ
AT
AL z? il
Lottt ST
781N, TALL LN

iy YWY
TS 5 LAV, HA =

waf P b N
{-\\\,_r/!!l.(-\n._w B ASST
P Ll b e PR p—— Y
v, + ar———— . st

Fomin\ | S frteraras LEF L

INAR I P72 N
ntitee]
r....._ee—.tm\lffﬁ.._é»ﬂ\\-
W .?]fai;zu.?..
errr_‘t« -..3_;:? !
TR 11111,

™,

=» mode

Optoelectronics (2016/2)
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EW TM Solution

_ _ipy N
f/' 3 H(y,z)=xH,cos(k,y)e k, = Fﬂ
» Z

Each mode has its own propagation constant g

n2 2
p=k -k’ = \/a)z,ug— d72z

For a given waveguide, there is a finite number of guided modes at o

For given m, there is w for which £ =0

mz m
@, = or f,=—F—, i
g /_ug 2 /_,ug =» cut-off frequency
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Lect. 11: Metallic Waveguides

m2 2
p=k-k* = \/a)zug— df

For a given waveguide, TE_, and TM_ have the same w-£ relation
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Lect. 11: Metallic Waveguides
Homework

Consider a lossless parallel-plate waveguide shown below.

AR

(a) How many TE or TM modes are there that can propagate in the waveguide if the EM

wave frequency i1s 30 GHz?
(b) Find the expression for E(x,y.z) of TE> mode.
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