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4.5 COUPLED MICROSTRIP LINES

4.5.1 Edge-Coupled Microstrip Lines
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Figure 4.5.1.1: Coupled Microstrip Line

Kirschning and Jansen [8] analyzed this structure with a rigorous spectral-domain
hybrid mode calculation. The results of this were then fit numerically. These equations
are:
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where Zo(() is the zero-frequency impedance of a single, isolated strip (3.5.1.1) and

Q1 =0.8695 u 0194 (4.5.1.3)

Q2=1.0+0.7519 g + 0.189 g 2.31 (4.5.1.4)
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The frequency-dependent even and odd mode impedances are calculated from the above

with:
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fo=fh (4.5.1.41)

'y)hcrc fis the frequency in GHz and h is the substrate thickness in mm. The effective
gielectric constants for the even and odd modes are calculated by beginning with the dc £ef
for a single strip derived in [5]:

10.0N¢

£(0) = 0.5 (& + 1.0) + 0.5 (&~ 1.0) (1,0 + T) e¥ be(Er) (4.5.1.42)
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The even and odd mode effective relative dielectric constants at dc are then calculated:

do
£afo(0) = [0.5 (&, + 1.0) + ao(u, &) - eef(0)] €08 +£g(0)  (4.5.1.46)
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v
‘Where
ao(t, &) = 0.7287 [eg(0) - 0.5 (& + 1.0)] (1.0 - 01T %) (4.5.1.48)
bo(er) z%% (4.5.1.49)
co = bo(er) - [bo(er) — 0.207] e 0414 ¥ (4.5.1.50)
do = 0.593 + 0.694 ¢=0-562 4 (4.5.1.51)

These can be corrected for frequency-dependent dispersion with:
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Pio=Po+ 107 1183 11376 (4.5.1.67)

. 1.695 Pyo
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Equations are valid for:

01<w/h<10.0

0.1<s/h <100

1.0<g <18

and the stated accuracy for the range & < 12.9 and f, < 15 is better than 1.5%.

The above equations are lengthy; they can be simplified to their dispersionless form in
many applications. PCB dimensions are not usually practical for less than about 6 dB of

coupling (see the section on Lange couplers for tighter couplings). Other coupling
structures (i.e., branch-line hybrids, Lange couplers, Wilkinson dividers, and directional

couplers) can be used when tighter or wideband coupling is required.
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8.2 Asymmetric Coupled Microstrip Line
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Figure 4.5.2.1: Asymmetric Coupled Microstrip Lines

This configuration has received a great deal of attenuation for its potential applications
mfilters, etc. Current designs are based on symmetric couplers and the asymmetry would
4ive us an additional degree of freedom in design. Asymmetric couplers allow the coupling
of power at the same time as an impedance transformation takes place.

Unfortunately, closed-form equations for microstrip line do not exist. The reader with
Rufficient skill may be able to adapt the curves or analyses presented in the references. EM
1ffograms may also be used.

ﬁﬁ:he general relationships for coupling and impedances in asymmetric couplers can be
ueiined 1]

_ 2
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