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Abstract - The fields radiated from the currents induced 
on a covered microstrip transmission Line by a finitegap 
voltage source we presented. The character of these radiated 
fields has been examined in detail as the frequency is varied. 
It is shown that there is a smooth transittoo in the total 
radiation field from the spectral-gap region at lower 
frequencies to higher frequencies where a physical leaky 
mode exists. A characteristic leakage beam develops 
gradually as the frequency increases. When the leakage beam 
first develops, the observed radiation angle is greater than 
that predicted by the leaky mode alone. Crosstalk radiation 
can be significant even before the leaky mode becomes 
physical. 

I. INTRoDucnoN 

The existence of dominant (quasi-TEM) leaky modes on 
printed-circuit transmission lines has been the subject of 
considerable interest. These modes are usually undesirable 
since they result in increased attenuation of the signal, and 
can result in crosstalk with adjacent circuit components 
and interference with bound modes that also propagate an 
the line. Leaky dominant modes have been found on a 
number of planar transmission line structures including 
multilayer stripline stxucturcs and microstrip lines with 
isotropic and anisotropic substrates. 

Recently, the current on multilayer shipline [I] and 
covered microstrip [2] structures due to an excitation from 
a small, finite-length gap feed ou the line was studied. It 
was shown that the total current on the ship excited by the 
source can be decomposed into the sum of the well-known 
bound-mode current and a continuous-spectrum current. It 
was demonstrated that spurious transmission effects can 
result due to the interference of the bound-mode and the 
continuous-spectrum currents, particularly when a 
physical leaky mode is present. 

In this summary, the calculation of t&fields radiated by 
the bound-mode and continuous-spectrum currents excited 
by a finite source on covered microstrip transmission lines 
will be presented. The characteristics of the radiated fields 
will be studied in detail for frequencies extending over a 
wide range, including: (a) where no leaky mode exists; (b) 
where a leaky mode exists, but is nonphysical (inside the 
spectral-gap region); and (c) where a physical leaky mode 
exists (one which is fast with respect to the dominant 
parallel-plate mode of the structure). The purpose of the 
study is to examine, for the first time, how the radiated 
fields evolve with frequency throughout the spectral-gap 
region. Important insight is obtained as to when crosstalk 
from radiation at discontinuities is significant in 
microwave integrated circuits. 

II. SUMMARY OF ANALYSrS 

A diagram of the covered microstrip sttucture (two- 
layer stripline) with a small, but finite 1-V gap source is 
shown in Fig. 1. The conducting strip is assumed to be 
infinite in the fr directions and all of the conductors are 
assumed to be perfect conductors. For simplicity, the strip 
width W is assumed to be small so that the transverse 
component of the current can be neglected. Therefore, the 
current density along the strip is given by 

Jzk~)=I(4fl(~), (1) 

where q(x) is the normalized transverse shape function 
for the strip current I(z) A closed-form solution for the 
Fourier transform of the ship current is obtained by 
applying the Galerkin method in the spectral domain. The 
total ship current is then expressed us [l] 
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where C, is a Sommerfeld-type path in the complex k, 
plane (one that is deformed around poles and branch 
points) [l]. From the Galerkin solution procedure, the 
transform of the strip current is given by 

where EGAp is the Fourier transform of the impressed 
&chic field of the gap source, Gzz is the ii component 
of the spectral-domain dyadic electric-field Green’s 
function at y = h , and ij is the Fourier transform of the 
transverse profile of the strip current density. 

Fig. I. Covered microstrip structure with a small, finite 
length I-V gap scarce (V, = 1 V). 

The total current (2) can be decomposed by suitably 
deforming the path of integration in the k, plane [l]. If 
the original path is deformed around the branch cut, the 
total current is expressed as the sum of a residue 
contribution from a captured bound mode (BM) pole -the 
bound-mode current - and the contribution from the 
integral around the branch cuts in the lower half plane - 
the continuous-spectrum current. The continuous- 
spectrum current can be further resolved into one or more 
physical leaky-mode currents and a “residual-wave” 
current by deforming to a steepest-descent path [3]. 

Once determined, the strip current is used to find the 
fields radiated by the line and feed. Assuming that only 
the TM0 parallel-plate mode is above cutoff in the 
background structure, the TM, parallel-plate mode field 
radiated by the strip current is directly calculated by 
starting with the parallel-plate mode tield radiated by a z- 

directed intinitesimal electric dipole, and then integrating 
OV~T the strip current [2]. The results are put in a 
convenient normalized form by calculating the substrate 
voltage V, , which is defined as the vertical integral in z of 
the radiated parallel-plate mode electric field in the 
substrate from 0 to h. 

III. RESULTS 

In this summary, a covered microstrip with h, = h = W 
and a substrate relative permittivity of $= 2.2 is 
examined. A dispersion plot for this shucture is shown in 
Fig. 2. 

Figures 3-7 show the substrate voltage in a region near 
the source, for frequencies spanning the entire range of 
Fig, 2. At lower frequencies, the radiated field is weak and 
is predominately due to radiation from the discontinuity in 
the bound-mode current at the source (a bound-mode 
source-discontinuity radiation) as shown in Fig. 3. Figure 
4 shows the low frequency case h =O.OZOS&. This 
particular frequency lies at the beginning of the leaky- 
mode region in Fig. 2, where two improper-real modes 
have merged to form a complex leaky mode. The leaky 
mode is nonphysical at this frequency. The total radiation 
field is comprised mainly of a hound-mode radiation field 
with only a small contribution from the continuous- 
spectrum radiation field. Hence, we can see characteristics 
typical of a bound-mode radiation field, including an 
interference pattern along the length of the line that is 
caused by the interference between a bound-mode source- 
discontinuity radiation field and a transversely decaying 
field that corresponds to the field of the bound mode on an 
infinite line [Z]. 

As the frequency increases throughout the spectral-gap 
region (h <0.05&), the radiation field is increasing in 
magnitude’rapidly and changing character, as a leakage 
beam begins to evolve. This change in character occws 
because the continuous-spectrum radiation field is 
becoming more significant relative to the bound-mode 
radiation field, and because the continuous-spectrum 
radiation field is becoming more closely approximated by 
the field of the leaky mode. Once the frequency is 
increased to the end of the spectral gap at h = O.OS& , it is 
found from Fig. 5 that the overall field magnitude has 
nearly doubled from the level at the onset of leakage, and 
there is now a noticeable beam of leakage away from the 
line (@- 17’). However, the beam is not very well 
defined. 

The change in character of the total radiation field due 
to the strengthening of the continuous-spectrum field 
allows the tield transition into the physical leaky-mode 
region to be continuous. As the frequency is increased 
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beyond h = O.OS& , the leaky-mode becomes physical, 
and the continuous-spechum field (not shown here) begins 
to develop a characteristic leakage shape. This in tllm 
influences the total radiation field. Hence, for h = 0.07 4 

(shown in Fig. 6), there is a fairly well-defined angle of 
leakage away from the line ($ = 20’). This angle of 
leakage for the total radiation field is close to the predicted 
leakage angle based on the phase constant of the leaky 
mode, 

which yields 17.2’. 
The radiation field from the leaky-mode current alone 

for this case is shown in Fig. 7. The beam angle of this 
leaky-mode field, from Fig. 7, is approximately 13”. The 
reason the beam angle for the leaky-mode field is different 
from that predicted by the leaky-mode phase constant is 
that the leaky-mode current excited by the scarce is a bi- 
directional wave, which exhibits source-discontinuity 
radiation. 

The reason that the beam angle for the total radiation 
field is much larger than that for the leaky mode field is 
that there is significant radiation from the bound-mode 
and residual-wave currents, which alters the shape of the 
total field. 

The fmal frequency shown is h =O.l& in Fig. 8. At 
this frequency the leaky mode is well within the physical 
region. The beam angle for the total radiation field is at 
about ) = 22’. This angle is fairly close to the predicted 
leakage angle based on the phase constant of the leaky 
mode (& = 22.Y). Figure 9 shows the radiation field of 
the leaky mode for this case. The actual leakage angle of 
the leaky-mode radiation field from Fig. 9 is about 19”, 
which matches well with the predicted leakage angle 
based on the phase constant. Furthermore, the a&al 
leakage angle of the leaky-mode radiation field matches 
quite well with the beam angle for the total radiation field. 
This is a consequence of the fact that the radiation from 
the continuous-spectrum current is now significantly 
stronger than the bound-mode source-discontinuity 
radiation, and the fact that the continuous-spectrum 
current is dominated by the leaky-mode current. 

In the case presented here, the field transition through 
the spectral-gap region is fairly smooth, since the 
attenuation constant of the leaky mode is relatively large 
(e.g., a/k,,= 0.0832 at h=0.07&). Results will be 
presented for other cases where the attenuation constant is 
smaller. Results till also be presented for the power 
launched into the bound-mode and the radiated power at 
different frequencies, to show how the radiated power 
increases significantly with ftequency, resulting in a 

significant power loss in the circuit and a low bound-mode 
launching eff%iency. 
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Fig.2. Dispersion plot showing the normalized phase 
~cmtants p/k, WSYS normalized t?cquency h/A for a 
covered microstrip ( h, = h , W = h , E, = 2.2 ) 

Fig. 3. Total substrate voltage for h = 0.003& 
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Fig. 4. Total substrate voltage for h = 0.0205& 

Fig. 5. Total substrate voltage for h =O.OS& 

Fig. 7. Leaky mode substrate voltage for h = 0.07 4, 

Fig. 8. Total substrate voltage for h = O.l& 

0 5 to 15 20 
J&O 

Fig. 6. Total substrate voltage for h = 0.07 & 
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Fig. 9. Leaky mode substrate voltage for h = 0.14 
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