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Introduction

Slotline, introduced in 1368, is
an alternate transmission medium
for application in microwave and
mm-wave circuits. !4 A slotline
consists of a narrow slot or gap in
a thin conductive layer on one side
of a dielectric substrate, as shown
in Figure 1. This configuration of-
fers a planar geometry and a prop-
agating TE dominant mode, similar
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Fig. 1 A single generalized
microstrip-slotline transition;
(a) cross-section and (b) top view,

to a rectangular waveguide. How-
ever, unlike waveguides, slotlines
have no cut-off trequency, and
propagation along the slot occurs
at all frequencies down to DC.

The basic electrical parameters
of slotlines are the characteristic
impedance Z, and phase velocity
V. Due to the non-TEM nature of
sfctline waves, these parameters
are not constant, but vary slowly
with frequency. This feature is in
contrast with quasi-TEM wave
propagation in microstrip lines,
where Z_ and V are independent
of frequency for the first-order of
approximation.57 Dispersion in mi-
crostrip lines exists for all frequen-
cies, but may be ignored for fre-
quencies below the cut-off fre-
quency f, given by

.'l 2
GHz|=03, / ——%— (1
f [GHz) \/ e~ (1)
where
h dielectric thickness (cm)

]

€ relative dielectric constant

of the dielectric substrate

A slotline on one side can be
combined with microstrip lines on
the other side of a dislectric sub-
strate. When close to each other,
coupling between the two types of
lines will take place, and when sui-

pl

ficiently separated, they will be in-
dependent. Therefore, slotlines
can be incorporated in microstrip
circuits by etching slotlines into the
microstrip ground plang. This type
of hybrid combination saves sub-
strate area, enhances design flexi-
bility and lends itself to novel cir-
cuits with improved performance.

In this paper, theory. simulation
via Touchstone” software, and ex-
perimental verification of micro-
strip-slotiine transitions is present-
ed. A brief theoretical analysis and
supporting formulation are dis-
cussed, followed by the results of
software simulation and experi-
mental measurements.

Theoretical Analysis

When a microstrip line and a
slotline of equal or near-equal
characteristic impedances cross
each other at right angles and ex-
tend a quarter wavelength beyond
the crossing point, coupling be-
tween the two lines will be strong.
The result is a transition with band-
pass filter characteristics, a fairly
flat passband with high- and low-
frequency roll-off. Using this con-
figuration, transitions with band-
widths of 30 percent have bean
achieved.5-10

[Continued on page 90]
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obtaining the [ABCD] matrix of the
equivalent circuit by multiplying the
[ABCD] matrices of the series and
the shunt elements, which yields

(AB| [ 1 Zoal[1 O
.'CD|" 0 1 IYSH 1 l il
| AB ‘ *ymtes  Zmm (5)
coD Yoo 1

and deriving the overall farward
transmission cosefficient for a single
transition, modeled as a two-port
network, as shown in Figure 3,
using its [ABCD] matrix as™

Iz

821 = : = Z |-’6}
!'3&+BY_,,+CZN+D-ZE"
g

Cascade of Two Generalized
Single Transitions

In order to obtain a useful con-
figuration that will lend itself to fre-
qQuUEency response measurements,
a cascade of two generalized tran-
sitions separated by a slotline is
considered, as shown in Figure 4,
The equivalent circuit of this gener-
alized double microstrip-siotline
transition is shown in Figure 5.

Following a similar procedure as
described for a generalized single
transition, the [ABCD] matrix of the
gquivalent circuit is obtained by
multiplying three [ABCD) matrices
[two matrices for the two transi-
tions and one for the series slotline
section). The elements of the final
[ABCD] matrix for the cascade are
given by

188)-

1 +Zm |'|1Yss1 me1
Tast 1

.| coso [Zsing
[IMsing cosd |

1 mm
. . = {?
[ GS? 14 me?\{rsi‘]
whers
A=cosB(1+2 Y+ ZomaYorm
+|Zsing

b4 |Zn\rr|'| + mezﬂ + me1‘{552j]
(8)
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B=cos#é [erm'a“ * zmless'l:l
+ zrnrm{1 + me1Y552H
+ jSiI'I BEmezmm 2Y551 + ZS

o (14 Zrma g2l 14+ Zom Yesa)l
(9)

C=cos8
# (Yoo +Yoga) + 2800 (1Y, Y,
{10)
D=cosB(1+2Z, Y1+ ZnmzTesa)
+jZsing
*[Znmz +Yesil 1+ Zonmz +Y5521P1 7

where

Z; = 1/Y,, the series slotiine's
characteristic impedance

2] = [l the series slotline's

electrical length
Znm = Series’ input impedance
and shunt stubs
ss = series’ input admittance
and shunt stubs
The overall forward transmis-
sion coefficient S,, for a cascade
of two generalized transitions is
given by

Sy =

(12)

2
A+BY, +CZ,+D
where
Yo = 12y
2. = characterlstlc impedance

of both the input
and output microstrip lines

Equation 12 represents the
mast generalized formulation for
the forward transmission coeffi-
cient of a workable cascade of two
generalized single transitions sep-
arated by a slotline,

A Special Case

A degenerate case of this for-
mulation reduces to a problem that
has been investigated, previously.®
Assuming Z,, = Z;, = 50 0, il =
Bnlm = Bl Ziy = = (that is, open-
circuited series stub), Z,. = 0 (that
is, short circuited shunt stub) and
with the introduction of narmalized
impedance factors for the series
and parallel stubs

ZS
Vegtts (13)

200 i14)

W= 7 (14}

S, formulation as represented

by Equation 12 is greatly simplified

and its magnitude can be written
as

1851=

1 2 cotl [cofpl||
+(G-wl 55 {;avw|
(19
Equation 15 is the exact equa-
tion published previously. 8
Simulation results and experi-
mental work have been performed
for this configuration. Good agree-
ment between simulation results
and experimental findings is ob-
served, which demonstrates the
theoretical analysis” accuracy.

Experimental Results
Simulation as well as experi-
mental results were obtained for
three different sets of parameters
for the double microstrip-siotine
transition configuration. Circuit pro-
totypes were designed and mea-
sured in the frequency range from
130 MHz to 8.5 GHz on dielectric
substrates (RT/duroid, €, = 10.5
and h = 125 mils, and €, = 10.8
and h = 75 mils). The microstrip di-
mensions were computed using
LineCalc* software, while the slat-
line dimensions were computed
from appreximations found in the
literature.’2.13 Simulation of the
transitions was performed an a
workstation using Touchstone/
Libra™ software. The measure-

[Continued on page 92]
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Fig. 4 A generalized double microstrip-
slotline transition.
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Fig. 5 Equivalent circuit of a generalized
double microstrip-slotline transition.
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ALL DIMENSIONS IN MILS
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Fig. & The circuits’ physical dimensions and substrate permittivits
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Fig. 7 The Touchstone simulations.

ment set-up consisied of a vector
automatic network analyzer cali-
brated in the frequency range from
130 MHz to 8.5 GHz.

The physical dimensions of the
circuits and substrate permittivities

Fig. 8 The experimental lest results.

are shown in Figure 6 while Touch-
stone simulation results for the
three circuit configurations are
shawn in Figures 7. The experi-
mental test results are shown in
Figures 8. These circuits function

[Continued on page 94]
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like a passband filier with the cen-
ter frequency adjustable with the
proper choice of microstrip and
slotline stub lengths. At the center
frequency, each of the transmis-
sion lines extends approximately
one quarter wavelength beyond
the crossing point.

Good agreement between the
simulated and experimental results
was observed in the passhand par-
tian of the frequency response.
The insertion loss was observed to
be 1 dB. with observed bandwidths
in excess of 50 percent. Differ-
ences between experimental and
simulation results in the passband
region were found io be less than
+0.5 dB overall. At frequencies
outside the passband, the simula-
tion results and experimental find-
ings diverge and this difference in-
creases rapidly with frequency. but
the overall shape of the frequency
response is preserved.

The simulation models for the
transmission lines assume the mi-
crostrip and slotline to have identi-
cal propagation parameters. These
assumptions contribute to the dif-
ferences between the experimental
and simulation results, which were
a slightly degraded performance in
the passband and a notably di-
verging performance above the
passband.

Conclusion

This experimental work has
demonstrated that microestrip-slot-
line transitions can be successiully
simulated with good accuracy
using simplified linear modeling
techniques. The error between ex-
perimental and simulated resulis
was found to be less than £0.5 dB
near the design frequancy. This
+(.5 dB difference is aftributable to
the insertion loss of the dielectric
substrate and less than perfect
coupling, both of which were na-
glected in the simulation process,

Based on theoretical and experi-
mental findings, the following con-
clusions can be made. The pass-
band center frequency f, is de-
signed by setting stub lengths to
Ami4 for microstubs using design
formulas or LineCalc at f;; and
xs/d for slotline stubs using design
formulas at f,. Further refinements
in stub length could be made by
considering the end effects for

P4.

both cases of short- and open-cir-
cuit terminations.

Tuning or adjusting microstrip
and slofline stub lengths alters the
shape of the circuit’s overall fre-
quency response. especially ripple
and null characteristics cutside the
passband. Therefore, tuning these
lengths to obtain the desired frans-
mission characteristics is inevitable,

The forward transmission coeffi-
cient S, is mosl accurate around
the center frequency f,, where the
stubs have a phase angle of pre-
cisely 90° with no mismaich at ei-
ther transition.

Measurement results indicate
that the accuracy of the analysis
and simulation decreases rapidly
with frequency above the pass-
band. In this frequency range. the
ideal transmission line model,
along with the theoretical assump-
tions of perfect coupling. no stub
end effecis and identical propaga-
tion parameters for both microstrip
and slotling, are no longer valid.

Inclusion of substrate losses in
the modeling would further in-
crease the accuracy of the simula-
tion. This approximate transmis-
sion line representation can be
simulated on Touchstone/Libra,
LineCalc or any other linear soft-
ware to obtain a first-order solution
with good accuracy. These results
agree well with experimental re-
sults, making linear software simu-
lations invaluable for micrastrip-
slotiine design and analysis in the
passband. These promising results
provided a relatively accurate first-
order of approximation 1o a nonlin-
ear problem, which is at best diffi-
cult to solve rigorously. B
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