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Abstract—New uniplanar microstrip-to-slotline, microstrip-
to-coplanar strips (CPS) and microstrip-to-coplanar waveguide
(CPW) transitions for MIC/MMIC and slotline antennas for
phased array applications are described. Such transitions are
compact and suitable to be used in an open environment or
inside a package or a multichip module. The transitions share the
concept of using a balun which consists of two microstrip lines
connected to a slotline through a pair of coupled microstrips.
In this paper, the transitions are studied theoretically using the
Finite Difference Time Domain (FDTD} technique and measured
experimentally using an HP8510C Network Analyzer. For a
back-to-back microstrip-to-slotline transition, an insertion loss of
Iess than 1.3 dB per transition is achieved over a 49% bandwidth
with a minimum of 0.6 dB around the design frequency.

I. INTRODUCTION

N MOST SLOTLINE antenna applications, a transition is

needed to couple the slotline to another planar line, e.g.,
microstrip line. Although there are techniques to couple the
RF energy from a microstrip line to a slot-line, both sides
of the substrate are needed to achieve a successful transition
[1]-[3]. Such a configuration requires accurate alignment
during fabrication due to the demonstrated sensitivity of the
transition to the relative position between the microstrip, which
is printed on the top side of the substrate, to the slotline
printed on the opposite side. Furthermore, such a transition
requires a multi-wafer/substrate configuration and presents
many practical problems when there is a need for packaging.

In 1983, a single sided microstrip to slot-line transition
was proposed and measured [4], [5]. It used a balun in
the form of an open ring consisting of two microstrip lines
connected to a slot-line through a pair of coupled microstrip.
Recently, the same transition has been studied by the authors
both theoretically and experimentally [6], [7]. It has been
found that the insertion loss and return loss for a single
transition are better than 1.5 and 10 dB, respectively, over
8% bandwidth centered at 9 GHz (the design frequency
was 10 GHz) [7]. Moreover, a linearly tapered slot antenna
(LTSA) excited by this microstrip-to-slotline transition has
been experimentally investigated [7]. A major limitation in
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this approach when used in slotline antennas is the off-axis
feeding mechanism and the resulting large space requirement
for such a feed.

Recently, a new approach for designing a uniplanar
microstrip-to-slotline transition has been proposed in [8].
In this transition, a slot-line radial stub was utilized to create
resonance conditions at the junction of the two transmission
lines so that maximum power transfer was achieved. It was
reported that the bandwidth of the tested transition was 30%
at a design frequency of 3.8 GHz [8].

In this paper, new microstrip-to-slotline uniplanar topologies
are proposed which provide broadband transition character-
istics, require much less real estate and give an on-axis
input/output geometry. In addition, these transitions operate
without the need for via-holes in contrast to the transition
in [8] where grounding pins were used to ensure a good
short at the end of the slotline radial stub. Because of these
properties, these new transitions can easily be used as feeds for
slotline antennas in phased array applications. As an extension
of these microstrip-to-slotline transitions, new microstrip-to-
coplanar strips (CPS) and microstrip-to-coplanar waveguide
(CPW) transitions are demonstrated. The advantage of using
the microstrip-to-CPW transition is that there is no need to use
via-holes and/or air-bridges to connect the two transmission
lines as the case with the transitions reported in [9]-[11]. All of
these transitions are studied both theoretically, using the finite
difference time domain (FDTD) method, and experimentally.

II. DESIGN DESCRIPTION

Fig. 1(a) shows a back-to-back uniplanar microstrip to slot-
line transition geometry. It consists of a 50 €2 microstrip line
which branches into two orthogonal paths. The characteristic
impedance of each microstrip path is chosen as 70  for
easy fabrication. Ideally, the two microstrip paths should be
made 0.75 and 0.25 Aj(microstrip) long at a specific design
frequency so that the fields at the locations (a) and (b) are
180° out of phase. This is necessary to excite the odd mode
on the intermediate coupled microstrip line (Zp; = 48%Q)
which transitions easily into a slot-line [7]. The configuration
shown in Fig. 1(a) has the two transitions on the same side
of the slotline and will be called an unbalanced configuration
in contrast to the balanced configuration shown in Fig. 1(b)
where the two transitions are located on opposite sides of
the slotline. The latter configuration has the advantage that
surface waves excited by the discontinuities associated with
each transition may cancel each other. In practice, right angle
bends parasitics contribute an additional phase change which
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Uniplanar back-to-back microstrip-to-slotline transitions (dimensions in inches): W = 0.009, W1 = 0.0129, W5 = 0.004, {2 = 0.1091, 5S> =

0.004, 5, = 0.3,¢&, = 10.5 and substrate thickness = 0.01. (a) unbalanced configuration: S; = 0.1168,h; = 0.1285 (b) balanced configuration:
S1 = 0.1168, h; = 0.1285 (c) balanced folded transition: S1 = 0.0855,53 = 0.014,hy = 0.0353, ha = 0.0273 (d) balanced folded transition:

S1 = 0.0826,h1 = 0.0213,h2 = 0.0527.

may be adjusted by slightly changing the lengths of the
microstrip lines. Hence, in this paper, the two microstrip paths
are chosen to be of lengths 0.8 and 0.25 )\g(mmstr,p) at the
design frequency of 10 GHz.

Fig. 1(c) and (d) show two balanced back-to-back folded
microstrip-to-slotline transition topologies. In these transitions,
the 0.25 Ag(microstrip) line is eliminated and the delay path
is made 0.6 and 0.638 Ay(microstrip) fOr the transitions in
Fig. 1(c) and (d), respectively, at the design frequency of 10
GHz to provide the 180° phase difference and to compensate
for the right angle bends parasitics. The rest of the design is
the same as above. These compact transitions offer as much
as 45% reduction in size over the one shown in Fig. 1(a).

Impedance matching at the junction between the 50 €
microstrip line and the two 70 Q2 microstrip lines is achieved by
a 41.8 (2 quarter wave impedance transformer. The transitions
are fabricated on a 1.5 x 2.0 inch RT-Duriod6010.5 of 10 mils

thickness and €, of 10.5. The measurements were done using
an HP8510C Network Analyzer with the Wiltron Universal
test fixture.

As an extension of the above design, a microstrip-to-CPS
transition is realized by allowing the slotline ground plane
width S, to approach the strip width Ws. Furthermore, a
uniplanar microstrip-to-CPW transition is realized by having
the input microstrip line divide into two orthogonal paths as
shown in Fig. 2. In Fig. 2, the electric field lines between (a)
and (b) and (a) and (c) are 180° out of phase and consequently
excites the coplanar waveguide mode. The longer path length
is taken to be around 0.78 Agy(microstrip) i Order to compensate
for the right angle bends parasitics.

III. FDTD METHOD

In this method, Maxwell’s curl equations are expressed
in discretized space and time domains and are then used to
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Fig. 2. Uniplanar microstrip-to-CPW transition (dimensions in inches):
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simulate the propagation of an initial excitation in a “leapfrog”
manner [12]-[14]. In order to characterize any planar dis-
continuity, propagation of a specific time-dependent function,
usually a Gaussian pulse, through the structure is simulated
using the FDTD technique. The space steps, Az, Ay, and
Az, are carefully chosen such that integral numbers of them
can approximate the various dimensions of the structure.
As a rule of thumb and in order to reduce the truncation
and grid dispersion errors, the maximum step size is chosen
to be less than 1/20 of the smallest wavelength existing
in the computational domain (i.e., at the highest frequency
represented in the pulse). Then, the Courant stability criterion
is used to select the time step to insure numerical stability.
For the transitions analyzed here, the following parameters
are used: Az = Ay = 50.8 yum, Az = 101.6 um, and At =
0.1128 ps. The super-absorbing first-order Mur boundary
condition is utilized to terminate the FDTD lattice at the front
and back planes in order to simulate infinite lines. On the
other hand, the first-order Mur boundary condition is used on
the other walls to simulate an open structure.

It is worth mentioning that the two microstrip ground planes,
shown in Fig. 1(a), were connected by a thin metal strip in the
FDTD simulations to insure that they are at the same potential.
On the other hand, it is found experimentally that the results
are the same whether they are connected or not. This is due
to the fact that both ports are connected to coaxial lines in the
experiments which insure that both ground planes are at the
same potential. However, in the FDTD simulation, only one
port is excited while the other is matched to an absorber which
makes it necessary to connect the two ground planes.

IV. RESULTS AND DISCUSSION

Fig. 3 shows the S-parameters of the unbalanced back-to-
back configuration shown in Fig. 1(a). The overall agreement
between the experimental and theoretical results is satisfactory
considering the differences between the theoretically analyzed
structure and the experimentally characterized one. Specifi-
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Fig. 3. S-parameters of the unbalanced back-to-back transition shown in
Fig. 1(a).

cally, the FDTD method considered a transition printed on
an infinite substrate (due to the use of absorbing boundary
conditions) while the experimentally measured transition was
printed on a finite substrate. Furthermore, the FDTD method
implemented a slightly different transition geometry due to
limitations of the uniform grid in discretizing arbitrary di-
mensions without introducing an impossibly large number of
nodes. The measurement data are calibrated to the connectors
and include the connector insertion loss which amounts to 0.2
dB per connector. The measured insertion loss of the back-to-
back configuration is better than 3 dB in the frequency range
7.5-10.5 GHz and translates into 1.3 dB per transition over a
44% bandwidth around a center frequency of 9 GHz.

Fig. 4 shows the S-parameters of the balanced back-to-back
configuration shown in Fig. 1(b). The measured insertion loss
is better than 3 dB, that is 1.3 dB per transition, from 7-11.5
GHz (49% bandwidth around a center frequency of 9.25 GHz).
The minimum insertion loss achieved by a single transition is
0.6 dB at 10.5 GHz.

Fig. 5 shows the S-parameters of the balanced back-to-
back configuration shown in Fig. 1(c). It can be seen that
this transition has a narrower bandwidth than the previous
ones. This is due to the existence of higher parasitics due
to more right angle bends in the longer microstrip path.
Specifically, the measured insertion loss is better than 3 dB
from 8.625-10.35 GHz (18% bandwidth around a center
frequency of 9.5GHz). Fig. 6 shows the S-parameters of the
balanced back-to-back configuration shown in Fig. 1(d). It can
be seen that this transition has a narrower bandwidth than the
one shown in Fig. 1(c).
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Fig. 5. S-parameters of the balanced back-to-back transition shown in
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Fig. 7 shows the S-parameters of the balanced back-to-back
microstrip-to-CPS transition with a coplanar strip width of
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Fig. 6. S-parameters of the balanced back-to-back transition shown in
Fig. 1(d).
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Fig. 7. S-parameters of a balanced back-to-back microstrip-to-CPS tran-

sition. The structure is the same as that shown in Fig. 1(b) except that

Sg = 0.03 inches.

around 9.3 GHz.

760 pum. The measured 3 dB insertion loss bandwidth is 59%
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microstrip-to-slotline transition.

Fig. 8 shows the S-parameters of a back-to-back microstrip-
to-CPW transition shown in Fig. 2. It is interesting to note
that a dip as small as the one seen around 11.5 GHz has
been captured by both FDTD and experiment. The measured
3 dB insertion loss bandwidth is approximately 40% around
9.2 GHz and the minimum insertion loss achieved by a single
transition is 0.25 dB at 9.2 GHz.

It should be mentioned that while experimentally charac-
terizing all of the transitions, a piece of microwave absorber
was placed at the edges of the substrate to absorb the surface
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waves launched by the microstrip line discontinuities. Without
the absorber, deep nulls in the insertion loss measurements
were observed. Also, as mentioned earlier, the measured data
include the losses from the coaxial connectors of the Wiltron
Universal test fixture which were not practical to calibrate
out.

From the above results, it can be seen that there is always a
small frequency shift between the theoretically and experimen-
tally derived results. This may be attributed to the following:
a) The metallization thickness is not taken into consideration
in the FDTD simulations; b) the length of the connectors used
in the experiments which were not calibrated out; and c) the
real microstrip lines widths may not be the same as those
simulated due to fabrication errors. _

Fig. 9 shows a possible application of one of the proposed
transitions in which it is used as a feed to a linearly tapered
slotline antenna (LTSA). Such an antenna is the subject of
study in [15].

V. CONCLUSION

New uniplanar microstrip-to-slotline transitions, microstrip-
to-CPW transition and microstrip-to-CPS transition have been
proposed and characterized both experimentally and theoreti-
cally. Such transitions are compact and easily adaptable to be
used in MIC/MMIC and antenna applications. The response of
the transitions is evaluated numerically using FDTD method
and experimentally from 5-15 GHz and both results are in
good agreement. For a single microstrip-to-slotline transition,
an insertion loss better than 1.3 dB is achieved over a 49%
bandwidth with a minimum insertion loss of 0.6 dB. On the
other hand, a single microstrip-to-CPW transition achieved
a 1.3 dB insertion loss bandwidth of 40% with a minimum
insertion loss of 0.25 dB.
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