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Abstract .

Radically different methods of calculation by Lewin and by van der Pauw
ére compared. It is shown that the difference in the two sets of results
is due not to the difference in methods, but to assumptions on the value
of dielectric constant to be used when calculatiné the substrate polar-
ization. Curves show that differences of up to 30% can arise from this
source, but the differences are much smaller for the larger values of

dielectric constant.
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In an eérlier paper(l) radiation frommicrostrip discontinuities
were calculated using the Poynting vector method, the fields being
obtained from the stfip current and the dielectric polarization beneath
the strip. In order to account for leakage of the field into the air
above the strip, the effective dielectric constant € was ﬁsed in place
of the ;ctual constant €*. The substitution was made both in the
propagation constaht, and also in the polarization pait of the calculation.
The reason for doing so in thé latter was that since some of the field
lines leak into the air, where they give no polarization contributioh,
the polarization effect is reduced by an amount comparable to the velocity
reduction, so it seemed reasonable to use the value € everywhere, and
not just in the propagation constant.

The radiated power was calculated for a unit incident current wave

and took the form

P = 60 (kt)2F(e) - )

u

where k ZW/AO

substrate thickness
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F(e) depends on the discontinuity, and takés the form
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for an open circuit, and
- F (E) =1 - e-1 log i%:'_.l__ » (3)
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for a matched termination.

Van der Pauw(Z)'has given a c&mpletely different type of analysis,
utilizing Fourier transforms and a rigorous treatment of the microstrip
configuration, from which low frequency approximations can be obtained
based on the assumption of an axial strip current uniform over the

strip width. The formula for the power radiated by the open circuit
‘differs from (2); in particular it contains both € and €*, and reduces
to (2) in the limit for large €, apart from an initial factor €/2. The
latter comes essentially from referring the radiation to a peak unit
voltage maximum rather than to alunit’incident current wave; but the
presence‘of both € and € elsewhere in the formula suggested that the
main difference stemmed not from the rédically different treatment, but
from the use of €* rather than € in the calculation of the contribution
of the dielectric polarization to the radiated fields. To check out
this latter feature the calculation of reference 1 was repeated with €
réplaced by e* in the polarization term. The Hertzian vector consists of
two components; Hz.from the strip current.am:ll'[x from the polarization.
Thé latter contains a factor (e-1)/e and if this is replaced by
(e*-1)/e* the following modified forms for the far-field are obtained

from an open-circuited microstrip end :
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with r, 8 and ¢ spherical coordinates from the strip open circuit. The
Poynting vector can now be constructed and integrated over an infinite

hemisphere to give
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On comparison with van der Pauw's equation (21), using the interpretation
for his symbols of a=LC=¢g , b= ¥, it is seen that the two results
are the same, apart from the above-mentioned initial factor of €/2.

Hence it may be concluded that the two methods? so very different in
approach, can give éssentially‘the same final result. Whether or not it

is more appropriate to use e everywhere, as in reference 1, is another

matter, and cannot be reéolved by a simpie comparison of the formulas.
A graph of eq. (6) is given in figure 1. The value of € ranges
from ¢* for wide stripsto (e*+1)/2 for:very narrow strips. It is also
of interest to note that fqr large €, eq. (6) has the asymptotic expansion

* 8 . 4 1
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so that the leading term 8/33 is identical to that obtainable from



eq. (2). The graph of eq. (6) is given for Fl(e,s*) vs. € for a range
of values of €*. It is seen that the modified formula always gives a
greater value than the original, with differences of up to 30% when
g=2, € =3, In consonance with eq.‘(7) the differences decrease
greatly for larger values of €.

A similar calculation can.be made for the strip terminated in a

matched stub. The electric field components are
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and the radiation factor becomes
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This possesses the asymptotic expansion
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and, as in the case of the open-circuit, reduces to the leading term of

the unmodified formula for large € .
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Figure 1. Graph of Fl(s,e*) Vs, €



