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Parallel-plate Transmission Line
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Surface Waves — TM Modes

Assume the form:
E,(X,y,2) =¢e, (X, y)e

2
( _ ﬂzjez (x,y) =0 Inside dielectric

(a_z L K2 ﬁzjez (x,y) =0 Outside dielectric

Dispersion relations
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Surface Waves — TM Modes: Solutions

Solutions are:

e, (X,y) = Asink .x+ Bcosk_x

e, (x,y)=Ce™ +De™

E,(X,y,z) =0 at x=0
E,(X,y,2) <o, for x—
E,(X,Y,z) continuous at boundary

H, (X, y,z) continuous at boundary

Asink_d = De™™

£ A cos k.d = %e“"

C
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Inside dielectric

Outside dielectric
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Ground plane

k.tank.d = ¢.h

kZ+h? = (g, —1)k?
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Surface Waves — TM Modes: Solutions

(k.d)” +(hd)’

(6, -1)(k,a) nd 4

k.dtank d = & hd \ k>/
-TU

NI

-T0/2

Solution is found at intersection of curves

First TM mode is TM_ mode

Cutotf frequencies for TM modes are given by:

f o e N=012..

©o2dye -1
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Surface Waves — TE Modes

Assume the form:
H.(x,y,z) =h,(x,y)e

2
(y +& k2 — ] h (x,y)=0 Inside dielectric

(a_z L k2 'szh (x,y) =0 Outside dielectric
x> ° P

Dispersion relations
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Surface Waves — TE Modes: Solutions

Solutions are:

h,(X,y) = Asink_ x + Bcosk_ x Inside dielectric

h,(X,y) = Ce™ + De ™ Outside dielectric

. . XA
dielectric
f hine th v\ o
After matc ing the g €6,

boundary conditions | R e

Ground plane

-B _. D __n
T SInk.d =-—e —k_cotk.d =h

Bcosk d = De ™™ ke +h* = (&, ~1)k,
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Surface Waves — TE Modes: Solutions

(k.d) +(hd) = (s -1)(k,d)’ hd 4

_k.dcotk d = hd NN, )
- -n/?.\/‘[@ o kcd

Solution is found at intersection of curves

Negative values of h must be excluded

Cutotf frequencies for TE modes are given by:

~ (2n-1)c

f =
4d, /e, -1

C

, n=123,...

Modes will occur in the following order:
™, TE,, TM,, TE,, TM,
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Microstrip

Conduetor

(a) Need to determine characteristic
impedance Z, and effective permittivity &,

Electric field lines

IMagnetic field lines

(b
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Microstrip — Analysis Equations
w/h < 3.3

2
p———l— 4E+\/16(Ej +2
J2(, +1) W W

(a) - -

w/h > 3.3

11997 | w In(4) In(ex’/16)( ¢ —1
L, = + +
2Je, |2h =z 27

Magnetic field lines + 8r +1 Inﬂ-—e‘l‘ In(ﬂ+094j
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Microstrip Analysis & Synthesis Equations

e +1 & -1 1
e: +
2 2 J1+12d /W

&g

-

ﬂIn(@+ﬂj forw/d <1
Je. \W - 4d
Lo = 120
i for W /d >1
&, [W/d +1.393+0.667In(W /d +1.444)]
A
% forw/d <2
W e?h 2
— =
d 3{5-1—|n(25—1)+‘9f‘1{|n(5—1)+o.39—@H forW/d > 2
T 2¢, &,
AZZO €r+1+8r—1 0.234_0.11 B_ 37771
60\ 2 g +1 &, ZZ\/?
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Microstrip

Microstrip Characteristic Impedance
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dielectric constant : 4.3.
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Electric Field Configuration

T~

Microstrip

Stripline

Conseguence: Wave propagation in stripline is
closer to the TEM mode of propagation and the
propagation of velocity is approximately cA/e,.
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Coplanar Waveguide

|— S' > 4\\V>lea—S <t \\V>|= S' —>]

K (k) : Complete Elliptic Integral of the first kind
S

K — 307 K'(k)
L = ohm
S+2W ocp \/m K(k) ( )
K (k) = K (k) 2
1/2
klz(l_k2)1/2 VC :( 2 ] C
" e +1
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Coplanar Strips
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Qualitative Comparison

Characteristic Microstrip Coplanar Wguide Coplanar strips
Eeff ~6.5 ~5 ~5

Power handling High Medium Medium
Radiation loss Low Medium Medium
Unloaded Q High Medium Low or High
Dispersion Small Medium Medium
Mounting (shunt) Hard Easy Easy
Mounting (series) Easy Easy Easy

* Assuming =10 and h=0.025 inch
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Dispersion & Velocities

B=2rfJLC

velocity = 1

JLC

B =27z fh(f)

— L[ oDispersivechamel | 2

velocity = g(f)

-1
Phase velocity = o/ S Group velocity = (3_ﬂj
(40
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