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Overview of Quasi-Planar Transmission Lines
TATSUO ITOH, FELLOW, IEEE

(Invited Paper)

,&ts-act —A number of quasi-planartransmissionlines are reviewedin
terms of the generaf propagation characteristics including useful featnres,-

precautions in practice, and some design information. Transmission lines

discussed in this paper include coplanar wavegnides, finliues, suspended

stripline, and microslab wavegnides. Attenuation characteristics of some of

these lines are compared. In addition, the problems of discontinuity
characterizations are included.

I. INTRODUCTION

A LTHOUGH the majority of microwave and millime-
ter-wave integrated circuits have been fabricated with

the microstrip line, the search continues for an alternative
transmission medium which would present a potential
advantage over the microstrip line or supplement it. For
instance, the suspended stripline with a quartz substrate
has been used for receiver applications at 230 GHz [1].
With the advent of monolithic microwave integrated cir-
cuits, a renewed interest is evident in the coplanar wave-,
guide. However, in contrast to microstrip lines, a relatively
limited amount of information is available on these trans-
mission lines. It is true that there are still many problems
with microstrip lines, particularly with regard to the high-
frequency characterization of microstrip discontinuities.
Nevertheless, the situation of the microstrip line is far
better, in terms of both theoretical and experimental char-
acterizations, than the suspended stripline and coplanar
waveguide. Finlines are somewhat better than these two in
terms of the amount of information.

The objective of this paper is to review the nature of
these quasi-planar transmission lines. Collection of most of
the basic information for each transmission line has been
attempted. However, it is not possible to cover all the
relevant publications. In the first part of the paper, each
transmission line will be described in terms of its physical
nature and propagation characteristics. Next, comparisons
are made of the attenuation characteristics. General com-
parisons will also be provided. A few attempts to charac-
terize discontinuities appearing in these transmission lines
will then be mentioned.
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Fig. 1. Slot line.

Fig. 2. Bilateral,unilateral, and antipodal finlines

II. FINLINES AND SLOT LINES

The slot line (Fig. 1) was proposed by Cohn, who also
provided an analysis method [2]. He has pointed out that
the guided mode has a region of elliptical polarization and
hence is suited for applications with a ferrite material. The
slot line was not widely used in comparison with other
quasi-planar transmission lines, particularly the finline,
which happened to have a similar configuration on the
substrate. However, the slot line mode plays an important
role, as we will see later in other quasi-planar transmission
lines such as coplanar waveguides.

The fit-dine was invented by Meier [3] as an alternative
to the microstrip line at millimeter-wave frequencies. It
was considered to be compatible with batch-processing
techniques and superior to micro:strip lines in a number of
aspects at millimeter-wave frequencies. There are three
types of finlines: unilateral, bili~teral, and antipodal, as
shown in Fig. 2. They are basically printed ridge wave-
guides and hence they can have a wider single mode
spectrum than a corresponding waveguide in which the
finline is housed. One consequence of this configuration is
that a transition to the standard waveguide is quite easily
fabricated. Usually, the finline electrodes are tapered down
so that a planar” horn” is formecl on the substrate. On the
other hand, a transition from the antipodal finline to a
microstrip line can be made easily. One of the fins is
tapered down to a center strip while the width of the fin on
the other side of the substrate k gradually increased to
form the ground plane of the microstrip line.

0018-9480/89/0200-0275 $01.00 01989 IEEE



276 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 37, NO. 2, FEBRUARY 1989

2.0 I I 1 1-

1 *A-----’00

{
.,,& w ●r =2.2

k a#l \ 0.15

)

2d .O.lZhm

1.5
0.15+ \ \ 0.3 on

;\\\ 0.5 500

I \ ‘\,
I.0 l\

l\ L -

o 20 40 60 80
FREQUENCY ( Gli3)

Fig. 3. Dispersion characteristicsof a finline(from [6]),

The propagation characteristics of the finlines have been
studied by a number of research groups [4]–[6]. These
works have treated idealized structures and computed the
phase constant and the characteristic impedance. Fig. 3
shows typical examples of the propagation characteristics
for the dominant and the second-order modes calculated
by the spectral-domain method [6]. The characteristic
impedance is calculated on the basis of the voltage–power
definition, in which the voltage across the slot and the
power transmitted are used. Although this definition is not
unique, it is perhaps the most suitable and is widely used
for finlines. The characteristic impedance is usually higher
than 1000, although the antipodal configuration can find
a lower impedance. In addition to these fundamental char-
acteristics, both the dielectric loss ad and the conductor
loss aC have been computed and the results are shown in
Fig. 4 [7]. It is generally agreed that the measured values of
finline attenuation are about three times the predicted
values, due to surface roughness and other factors.

In an actual realization of finlines, one often uses a
small groove in the top and bottom walls of the waveguide
housing in which the finline is accommodated. The effect
of these grooves may not be negligible. In addition, the
thickness of the fin metallization can affect the propaga-
tion characteristics of the finline. These problems have
been studied recently [8], [9]. It was pointed out that the
effects of the grooves and the metallization thickness be-
come increasingly important as the frequency is increased.

III. SUSPENDED STRIPLINES

Fig. 5 shows the cross section of the suspended stripline
and its twin. the inverted stripline. Usually, these configu-
rations are placed in a shielding waveguide. In that in-
stance, the difference between these two ceases to exist.
These structures provide a way to reduce the attenuation
in a microstrip line at higher frequencies and yet retain
some of the features of the microstrip line such as the
quasi-TEM nature of the dominant-mode propagation.
Like the case for microstrip lines, the characteristic
impedance is usually based on the power–current defini-
tion. From the analysis point of view, these configurations
can be treated in a unified manner as strip transmission
lines containing multiple layers of dielectric materials.
Therefore, once a generalized analysis algorithm is devel-

oped, it can be used for a number of stripline configura-
tions, including the microstrip line [10].

The suspended (and inverted) striplines have a number
of useful features. First, the attenuation due to the dielec-
tric material is reduced, because the substrate is usually
used for supporting the strip and the greater part of the
electromagnetic field is located in the air. The loss charac-
teristics will be compared with other quasi-planar and
planar transmission lines shortly. This also makes the
modal dispersion small and the effective dielectric constant
relatively small. The low dispersion nature is useful for
broad-band applications and the low effective dielectric
constant relaxes the mechanical tolerance of the structure
as the physical size is allowed to be large. Second, it is
possible to use both sides of the substrate. For instance, a
broadside coupled stripline can be fabricated which is
suitable for filter configuration due to a strong coupling
between the two strips facing each other through the
substrate. Another example of this feature is the electro-
magnetically coupled patch antenna shown in Fig. 6. Fur-
thermore, two surfaces can be used for different types of
printed transmission lines, such as the unilateral finline on
one side and the suspended stripline on the other. On the
other hand, there is a lower limit to the realizable charac-
teristic impedance in the case of a shielded suspended
stripline. This is because the size of the shield case, which
limits the maximum width of the strip, is designed in such
a way that the higher order waveguide-type modes are cut
off.

Usually, the substrate of the suspended stripline is sup-
ported mechanically with grooves in the sidewalls of the
waveguide-type housing. In many theoretical efforts, the
effect of these supporting grooves is neglected. The results
of these analyses are usually acceptable for design. It is
found that groove effects can be significant for a shallow
groove. In such a case, these effects cannot be neglected
for precise filter design based on the suspended stripline.
The significance of these effects can be reduced by the use
of a waveguide housing with very low sidewalls [11].

IV. COPLANAR WAVEGUIDE

The coplanar waveguide (in Fig. 7) was invented by
Wen [12] as a planar transmission line which is made of a
center strip on the surface of a substrate with two ground
planes placed adjacent and parallel to the strip. To date,
the coplanar waveguide has been used much less fre-
quently than the rnicrostrip line. However, with the advent
of monolithic microwave and millimeter-wave integrated
circuits, there is renewed interest in the coplanar wave-
guide. All three conductors in the coplanar waveguide are
on the same side of the substrate. Since the dominant
mode is quasi-TEM, there is no low-frequency cutoff. This
mode is a balanced mode. Because of the existence of three
separate conductors, the coplanar waveguide is suitable for
accommodating MESFET’S and other three-terminal de-
vices. However, heat removal from an active device is not

easy. An additional ground plane may be placed on the
other side of the substrate as shown in Fig. 8. This modi-
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Fig. 5. (a) Suspendedstripline and (b) inverted stripline.
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Fig 8. Conductor-backed coplanar waveguide.

fied structure is called the conductor-backed coplanar
waveguide [13].

Since there are gaps on both sides of the center strip in
the coplanar waveguide, this configuration maybe thought
of as two coupled slot lines. The coupled slot line mode
may be excited in the coplanar waveguide as an unbal-
anced mode if, for example, the structural symmetry is
broken. To prevent excitation clf the coupled slot line
mode, air bridges between the twcl ground planes are often
used so that the RF potentials of the two ground planes
are kept equal. Because of the balanced nature of the
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Fig. 9. Coplanar strips.

coplanar waveguide mode, the radiation from a short-cir-
cuited coplanar waveguide resonator is much smaller than
that of the open-ended microstrip resonator [14]. However,
a short-circuited half-wave resonator excited by the cou-
pled slot line mode radiates very well. This fact has been
advantageously used in fabricating a planar quasi-optical
receiver in which the RF signal is received by a coupled
slot antenna while the structure operated by the coplanar
waveguide mode is used as part of the LO circuit due to its
high Q [15].

The propagation characteristics of the coplanar wave-
guide have been calculated by Wen under a quasi-TEM
approximation [12]. More recently, a dynamic full-wave
analysis has been carried out by a number of researchers,
including Knorr and Kuchler [16]. The characteristic
impedance in the reference is based on the voltage–power
definition. Losses in the coplanar waveguide have been
computed by Gopinath [17] and Jackson [14]. It is pointed
out that the coplanar waveguide can have significantly
smaller losses than the microstrip line over a wide range of
impedance.

As described above, an additional ground plane is often
added to the opposite side of the substrate accommodating
a coplanar waveguide. This conductor-backed coplanar
waveguide provides a mechanism to remove heat from the
active devices in the coplanar waveguide circuits. However,
this additional conductor causes an added complexity in
controlling the guided mode. First, in addition to the two
ground planes on both sides of the center strip, the third
ground plane on the underside of the substrate must be
maintained at the same RF potential. Otherwise, higher
order modes may be generated. In addition, it has recently
been pointed out that a leakage loss is caused by the wave
propagating away from the central coplanar waveguide
region [18]. This is heuristically understood if one finds
that the ground planes on both sides of the substrate form
a parallel-plate waveguide.

V. OTHER QUASI-PLANAR TRANSMISSIONLINES

In addition to the quasi-planar transmission lines de-

scribed above, there are several lesser known structures.
One such structure; shown in Fig. 9, comprises a pair of
coplanar strips. This transmission ,line has been studied by
Jansen [10] and by Knorr and Kuchler [16]. The coplanar
strips are used more often in high-speed digital circuits
than in microwave circuits.

Sequiera and McClintock introduced a Microslab
(trademark of the Martin Marietta Corporation) [19] as a
low-loss millimeter waveguide. As shown in Fig. 10, the
Microslab looks like a modification of the rnicrostrip line.
It consists of a conductor strip on a dielectric strip. This

STRIP

T
L GROUND PLANE

Fig. 10. Microslab wavegtude.

dielectric is placed on a double dielectric layer backed by a
ground plane. The dielectric permittivities of the dielectric
strip and the grounded layer are lower than that of the
second dielectric layer. At low frequencies, the waveguid-
ing mechanism is somewhat similar to that of the mi-
crostrip line. As the frequency is increased, however, the
greater part of the field is in the center guiding layer.
Therefore, the conductor loss at higher frequency is re-
duced. It is expected, therefore, that this quasi-planar
waveguide will be usable over a broad frequency range. An
analysis based on the mode-matching method and a set of
design data are presented for this waveguide in [20]. Fabri-
cation of the Microslab waveguide requires machining and
bonding.

VI. COMPARISONOF LOSSES

The attenuation in the transmission lines is caused by
three mechanisms: conductor loss, dielectric loss, and radi-
ation loss. Of these, the radiation loss is typically associ-
ated with discontinuities and the bend of the waveguide
although, as pointed out by Oliner [18], certain waveguides
will be’ influenced by the inherent leakage phenomena. In
this paper, however, we restrict our attention to the con-
ductor loss and dielectric loss. These losses are calculated

by perturbation techniques on the assumption that the loss
is small. As presented above, the attenuation in the finline
has been characterized in [7]. In Fig. 4. it is seen that for a
400 pm gap, the total loss is around 2.5 dB/m over the
whole Ka-band. In comparison, a typical 50 fl microstrip
line attenuation at 35 GHz is about 25 dB/m while that of

a WR 28 waveguide is 0.5 dB\m.
For quasi-TEM-type quasi-planar transmission lines, a

simple calcukhion of the conductor loss based on the
incremental i$uctance rule and of the dielectric loss by a
perturbation $nalysis can provide a comparison of the
various lines .~Fig. 11 shows the sum of the dielectric loss
and the coriductor loss for microstrip line, inverted
stripline, coplanar waveguide, and conductor-backed
coplanar waveguide. It is assumed that the 4-roil (100 pm)
thick GaAs substrate has a relative permittivity of 13, and
the gold metallization is assumed to be 0.04 mil (1 ~m)
thick. Other structural dimensions are different from wave-
guide to waveguide so that all waveguides have a charac-
teristic impedance of 50 L?. The attenuation is plotted as
dB/Ag, where Ag is the guide wavelength. As expected,
the inverted stripline has the lowest loss. For this configu-
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ration, the attenuation of the microstrip line is found to be
lower than that of the coplanar waveguide.

VII. INFORMATIONON DISCONTINUITIES

Unlike the microstrip line case, a rather limited number
of works have appeared in the literature on the character-
ization of the discontinuities in other quasi-planar trans-
mission lines. In the case of microstrip lines, there are
three levels of characterization of the discontinuity effect.
The most primitive one is a quasi-static analysis, in which
the discontinuity capacitance and inductance are calcu-
lated. The most sophisticated characterization is the full-
wave analysis, which includes all the wave phenomena
including radiation and leakage from the discontinuity
[21], [22]. The third one is the intermediate solution based
on the waveguide model [23]. It is interesting to note that
such an intermediate model is not easily found for other
quasi-planar transmission lines such as slot lines and
finlines,

Most of the discontinuities appearing in the quasi-planar
transmission structures can be treated as the scattering
problem of the incident guided wave along the transmis-
sion line. A typical approach for such an analysis is the
mode-matching method with a possible improvement [24].
These methods can be applied to a variety of quasi-planar
transmission lines. By using this technique, a number of
finline discontinuities have been characterized [25]. In the
approach, a large number of modes, typically 50 or so,
need to be found before the mode-matching procedure is
invoked. Another approach is to treat the discontinuityy
problem as an eigenvalue problem, after a resonator con-

TABLE 1
COMPARISONOFQUASI-PLANARTRANSMISSIONLINES(MS= MICROSTRIP,
SS= SUSPENDEDSTtUPLINE.CPW= COPLANARWAVEGUIIDECBCPW=

CONDUCTOR-BACKED COPLANAR WAVEGUIDE. FL = FINLINE)

MS :ss CPW C!iiiW FL
EFFECTIVE DIEL. CONST.
DISPERSION
IMPEDANCE
ATTENUATION
SERIES ELEMENT
SHUNT ELEMENT
HEAT SINK
INFORMATION

ON DISCONT.
MONOLITHIC

INTEGRATION

MLM M L
MLM L H
MHM M VH*
HLH H M

++ ++ ++ -t + +
— — ++ ++ ++

++ – — ++ o

+ — — —— o

++ – ++ + + —

M = moderate, H = high, L = low, VH* = very high except for antipo-
daf finlines.

In ranking preference, availability is in descending order from + +, +,
o, –, -–.

taining the discontinuity is formed, by placing short-cir-
cuited walls reasonably far awa:y from the discontinuityy.
By finding the resonant conditions for a given frequency,
the circuit parameters needed to describe the discontinuity
effect are extracted. The field analysis to this end can be
the spectral-domain method [26]1or the transverse reso-
nance technique [27]. Both of these approaches usually
presume that the transmission line is enclosed in a wave-
guide-type housing either by design or as an analytical
artifice. Therefore, radiation effects are not immediately
obvious in these analyses. In addition, an extreme case is
required for obtaining convergent solutions.

VIII. CONCLUDING REMARKS

There still remains a large amount of work to be done
for quasi-planar transmission lines. A critical lack of infor-
mation exists on discontinuities in a quasi-planar transmiss-
ion line. Therefore, accurate full-wave characterizations of
these discontinuities need to be worked out more exten-
sively. Results of such characterizations will be useful in
eventually developing computer-aided design (CAD) pro-
grams, for instance by means of a lookup table.

In lieu of conclusions, comparisons of various quasi-
planar transmission lines are summarized in Table I. For
comparison purposes, characteristics of the microstrip line
are also included. Entries of tlhis table are often not
clear-cut and are quite subjective. However, the results are
based on general consensus among many researchers and
engineers.
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