Planar Transmission Line



rip Lines

various planar transmission line
structures are shown here:
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stripline slot line
microstrip coplanar
line line
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Striplines and Microstrip Lines

the strip line was developed from the
sguare coaxial

coaxial square coaxial
| e e A ey
rectanqular line flat stripline
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Striplines and Microstrip Lines

since the stripline has only 1 dielectric, it
supports TEM wave, however, it is difficult to
Integrate with other discrete elements and
excitations

microstrip line is one of the most popular
types of planar transmission line, it can be
fabricated by photolithographic techniques
and is easily integrated with other circuit
elements
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the following diagrams depicts the
evolution of microstrip transmission line
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two-wire line  Single-wire above microstrip in air
ground (with image)  (with image)

microstrip with
grounded slab
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Striplines and Microstrip Lines

a microstrip line suspended in air can support
TEM wave

a microstrip line printed on a grounded slab
does not support TEM wave

the exact fields constitute a hybrid TM-TE
wave

when the dielectric slab become very thin
(electrically), most of the electric fields are
trapped under the microstrip line and the
fields are essentially the same as those of the
static case, the fields are quasi-static
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Striplines and Microstrip Lines

one can define an effective dielectric constant
so that the phase velocity and the

propagation constant can be defined as
Vp = —————(47)

=
B=kp+ge ———(48)

the effective dielectric constant is bounded by

1< &p <€y, it also depends on the slab
thickness d and conductor width, W
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Design Formulas of Microstrip Lines

design formulas have been derived for
microstrip lines

these formulas yield approximate values
which are accurate enough for most
applications

they are obtained from analytical expressions
for similar structures that are solvable exactly
and are modified accordingly
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Design Formulas of Microstrip Lines

or they are obtained by curve fitting
numerical data

the effective dielectric constant of a
microstrip line is given by
el e 1
= +
2 2 J1+12d/W

e ————(49)
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Design Formulas of Microstrip Lines

the characteristic impedance is given by
for W/d< 1

60 8d W
2 e 1 5
0] \E W ( )
For W/id =z 1
z s 1201 s

Jer[W/d+1.393+0.667In(W/d+1444)]
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for a given characteristic impedance <o
and dielectric constant €r , the W/d
ratio can be found as

8eA
Wl s for W/d<2
g7
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Design Formulas of Microstrip Lines

Wide “[8-1-Inf78 et
& 2¢
>
{In(B—1)+o_39_@}]____(53) for W/d > 2
Er
Zo |ertl &r-1 0.11
= 0.23
Where =l +8r+1( +8r)
ang .. 37
22, Jor
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'Design Formulas of Microstrip Lines

for a homogeneous medium with a
complex dielectric constant, the
propagation constant is written as

Y =g +J'I3=Jk§—1<2

V= chz: - ®“Poeoer (1-jtand)

note that the loss tangent is usually very
small

vy = k2 k2 + jk2 tans
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Note that @+xY2=1+x/2 where x is small

therefore, we have

jk?tans
2./k2 _ K2

v k2 P .
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Design Formulas of Microstrip Lines

Note that jp=k2-k?

for small loss, the phase constant Is
unchanged when compared to the
lossless case

the attenuation constant due to
dlelectrlc loss Is therefore given by

- d_k tand  Np/m (TE or TM) (55)
2B
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n ulas I\/I |crostr|p '

For TEM wave k=P, therefore

o ktf;”a Np/m (TEM) (56)

for a microstrip line that has
Inhomogeneous medium, we multiply
Eq. (56) with a filling factor

er(gg—1)

geler—1)
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Design Formulas of Microstrip Lines

=k0@tan6 er(ee=1)  Kkyer(se —U5ANS
2 geler —1) 2\/ee (g r\— 1)I

xd

_ the attenuation due to conductor loss is given by
Rs

(9 4 —
c W

| (58) Np/m where
Rs = Jopq / (20)

0 RS IS called the surface resistance of the conductor
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Design Formulas of Microstrip Lines

note that for most microstrip substrate,
the dielectric loss iIs much more
significant than the conductor loss

at very high frequency, conductor loss
becomes significant
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Dst widely used guide structures in component
velopment are image guides.

pst potential at freq above 60GHz

5e of dielectric H-guide and groove-guide
uctures at for freq. beyond 100GHz.

palizing high-performance antennas.
red structures for array antennas.

orporation of active devices in dielectric guides is
ore difficult than in suspended striplines or fin
es

palizing dynamically controlled devices such as
itches, phase shifters and attentuators.



