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Abstract — In this work, we present an enhanced
version of our algorithm that can evaluate dimen-
sions of a slot being placed within a patch surface
of a rectangular microstrip antenna. While in the
earlier work we were able to compute only one slot
dimension, in this paper we present the computation
of two slot dimensions, given the desired resonant
frequency and the mode of operation. The paper
discusses how the slot length and the distance from
the patch edge are computed, and the results are
verified by a a full-wave electromagnetic solver for
each of the presented test cases.

1 Introduction

Novel designs of small planar antennas are nowa-
days based on a creative use of slots, pins, or stubs
to achieve a multiband operation capability of the
antenna. A variety of designs can be found in the
literature (e.g. [1, 2]) and no closed-form solutions
are present for them, since the analysis, design,
and optimization are heavily based on the usage
of numerical methods within suitable electromag-
netic codes. While this will remain true in the fu-
ture as well, due to ever increasing demands on the
antenna specifications, within our recent work we
have explored an alternative means to design one
of the possible shapes of slotted antennas — a rect-
angular microstrip antenna (RMA) comprising one
slot along its patch surface. (In the recent liter-
ature, we have not found attempts of alternative
approaches.)

Introducing even a single slot in the patch will
affect the resonant frequency of an RMA by any
one of its three design parameters: the slot loca-
tion on the patch surface, or the slot length, or the
slot width. In our earlier comprehensive study [3],
we showed the subtlety of the resonant frequency
behavior due to a presence of a slot in an RMA.
We then proposed a MATLAB-based [4] algorithm
that was capable of a fast computation of the res-
onant frequency of a single rectangular slot RMA
(SRSRMA) based on the given slot parameters and,
vice versa—a fast computation of one slot parame-
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ter given the resonant frequency and the other slot
parameters [5].

In this paper, we show an upgrade to our algo-
rithm [5], in a sense that for the desired resonant
frequency, the algorithm will respond with accurate
solutions for two slot parameters–the slot length
and the slot distance from the patch edge, thus re-
questing only the third slot parameter (i.e. the slot
width) as an input parameter in the algorithm.

We will here show that our MATLAB-based algo-
rithm produces accurate results for the slot dimen-
sions, which was verified by running simulations
using CST Microwave Studio (MWS) software [6].
(Prior confidence in the simulation results has been
gained by fabrication and measurement of multiple
physical models of SRSRMAs, which was presented
in [3, 5].)

Implementing this algorithm, one can achieve a
fast computation of SRSRMA slot dimensions using
merely a script language, instead of running a full-
wave solver (FWS). However, to enable this com-
putation, a reference matrix of resonant frequencies
that result from a small number of slot sizes, has
to be obtained by an initial use of an FWS.

2 Computation Procedure

To be able to quickly numerically analyze the
data and compute the results, the chosen refer-
ence antenna model [3] was first utilized to com-
pute the resonant frequencies for 9 equidistant
values (points) of the slot length (cut ylen =
[1, 6, 11, ..., 41] mm) and 6 equidistant values of the
slot distance from the patch edge (cut xdist =
[1, 5, 9, ..., 21] mm). The reference antenna model
had the substrate permittivity equal to εr = 4.3
and the loss tangent value tan δ = 0.025 (typical
values for the popular FR-4 substrate), the sub-
strate height being equal to h = 1.524 mm, and
the patch length and width being L = 37.65 mm
and W = 45.89 mm, respectively. In this work,
we had chosen to place the slot along the longer
side of the patch, as illustrated in Fig. 1, where
Lgp = L + 30 mm and Wgp = W + 30 mm are
the substrate length and width, respectively, while
xf = 25.548 mm and yf = W/2 are the x- and



y- coordinate of the probe feed, respectively. The
full-wave model and performance simulation of this
SRSRMA was done using MWS. The simulated

Figure 1: Slot placement on the patch surface.

resonant frequencies of the first three modes were
noted with the criterion on S11 parameter value be-
ing set to S11 ≤ −7 dB, which is a little more rig-
orous that the -6 dB criterion that has been used
in recent publications as the criterion for small an-
tennas (see [7] and the references therein). This
criterion, however, has no impact on the algorithm
itself and one can set the traditional -10 dB crite-
rion as well, if preferred. These initial results were
tabulated in a spreadsheet, structured as shown in
Table 1.

Table 1: Tabulated data structure.

xdist1 · · · xdistj · · · xdistM

ylen1 fr11 · · · fr1j · · · fr1M
...

...
...

...
...

...

yleni fri1 · · · frij · · · friM
...

...
...

...
...

...

ylenN frN1 · · · frNj · · · frNM

For example, the dependence of fr vs. cut ylen
(with cut xdist as a parameter) and fr vs. cut xdist
(with cut ylen as a parameter) is presented in Fig. 2
for mode 1 and slot width cut xlen = 1 mm. In
our earlier paper [5], we demonstrated to be able
to compute one slot dimension given the desired
resonant frequency and mode of operation. In this
work, we present the improved algorithm that can

(a) fr vs. cut ylen with cut xdist as a parameter

(b) fr vs. cut xdist with cut ylen as a parameter

Figure 2: Dependence of fr vs. cut ylen and fr vs.
cut xdist.

successively interpolate the initial data set such
that the algorithm recommends the values for the
two slot parameters: the slot length cut ylen and
the distance from the patch edge cut xdist.

The principle of the computation is as follows: for
the given antenna mode and the initial value of the
slot length, the nearest-value row of the reference
matrix is extracted and the data set interpolated
using the proposed algorithm to achieve the inter-
polation curve over the cut xdist parameter. For
the given resonant frequency of interest, the inter-
polation curve is then analyzed by the zero-search
algorithm, which results in the recommended value
of the cut xdist parameter. That value is then
used to select the nearest-value column of the ref-
erence matrix, and the above procedure is repeated
to achieve the recommended value for the cut ylen
parameter. Test cases will be discussed next.

3 Test Cases

We compared the results from our shape-preserving
interpolation algorithm [5] with the results ob-



tained by MWS, on several test cases, and they
matched in each test case, some of which are pre-
sented here. In all the test cases, the slot was set
to be 1 mm wide. The output results are here pre-
sented in two formats: as an absolute value in mm,
and as a normalized value with respect to either L
or W , which is useful when the result is to be scaled
for a different size of SRSRMA.

3.1 Test Case 1

As the input values, one has to specify the mode,
the desired fr, and an initial value of the slot pa-
rameter cut ylen. For the given input parameters
shown in the upper part of Table 2, our algorithm
produced the output values shown in the lower half
of Table 2.

Table 2: Test Case 1 – input values and results.

Input values to our algorithm

mode 1

cut ylen (initial) 6 mm

desired fr 1.81 GHz

Results computed by our algorithm

cut xdist/L 0.256

cut xdist 9.6381 mm

cut ylen/W 0.0981

cut ylen 4.5008 mm

The results are evaluated from the interpolation
curves that are computed from the series of data,
extracted from the reference matrix structured as
in Table 1, that correspond to the given antenna
mode and desired resonant frequency. They can
be presented by two graphs, as in Fig. 3, wherein
one can see the initial data points of the reference
antenna model (pink dots), the desired frequency
point (green triangle), and the respective slot pa-
rameter on the abscissa axis, whose exact value is
determined by the algorithm.

To verify the results obtained by our algorithm,
the resulting values were entered as the slot pa-
rameters values in the SRSRMA model within the
MWS software, for simulation of fr. Table 3 shows
the MWS-simulated resonant frequencies for the
slot dimensions suggested by our interpolation al-
gorithm (line 1 of Table 3). For comparison, the
pair of the nearby slot values from the initial data
set is shown in the line 2. We see the consistence in
the behavior shown by the values in line 1 of Table 3
and the respective data points in Fig. 3 (notice that
the parameters values in Fig. 3 are shown as nor-
malized values, while the algorithm outputs both

the normalized and the real value, as listed in the
lower half of Table 2).

(a) case 1: fr vs. cut xdist

(b) case 1: fr vs. cut ylen

Figure 3: Case 1 dependence of fr vs. two slot
parameters.

Table 3: Test Case 1 – MWS-based verification of
the algorithm-obtained results.

in mm MWS result

source xdist ylen fr, GHz S11, dB

algorithm 9.64 4.50 1.818 -8.81

init. data 9 6 1.812 -8.81

3.2 Test Case 2

Table 4 shows the input and output values in the
test case 2 while Fig. 4 shows the corresponding
graphs. We see that, unlike the initially entered
value of cut ylen = 36 mm, the algorithm settled
at value cut ylen = 23.33 mm.



Table 4: Test Case 2 – input and output values.

Input values

mode 2

cut ylen (initial) 36 mm

desired fr 3.05 GHz

Output values

cut xdist/L 0.1739

cut xdist 6.5479 mm

cut ylen/W 0.5084

cut ylen 23.3309 mm

When the output values were verified using MWS
(shown in Table 5), the comparison between the re-
sults achieved by our algorithm and those by MWS-
based simulation showed an excellent agreement
(indicated by fr value for the suggested slot val-
ues). The values shown in line 1 of Table 4 can
be compared with the graphical presentation of the
solution shown in Fig. 4. Notice that even though
there can be multiple values of the slot parame-
ter that relate to the given frequency, as present in
Fig. 4b, the algorithm will ultimately recommend
one value as the result. That is due to the use of
zero-search algorithm as opposed to the use of the
root-finding algorithm, which can suggest multiple
solutions for the same resonant frequency value, but
they will generally have higher discrepancy with re-
spect to the reference data set and sometimes even
offer a solution that does not lie on the interpola-
tion curve [5].

Table 5: Test Case 2: MWS-based verification of
the algorithm-obtained results.

in mm MWS result

source xdist ylen fr, GHz S11, dB

algorithm 6.55 23.33 3.048 -22.84

init. data 6 21 3.048 -23.18

4 Discussion

In our earlier paper [5], we showed that our inter-
polation algorithm was able to closely follow the
nonlinear characteristics of the resonant frequen-
cies that SRSRMA exhibits and also to solve the
inverse problem of determining (only) one slot di-
mension for the desired resonant frequency.

In this paper, we show the improved algorithm
which can calculate the values of two slot parame-

(a) case 2: fr vs. cut xdist

(b) case 2: fr vs. cut ylen

Figure 4: Case 2 dependence of fr vs. two slot
parameters.

ters — the slot length (cut ylen) and the distance
from the patch edge (cut xdist), as defined in Fig. 1.
The algorithm is based on the piecewise cubic Her-
mite interpolating polynomial, which is an interpo-
lating technique that preserves monotonicity and
the dispersion of data points. Due to that, the in-
terpolation curve is monotonic where the data ex-
hibit monotonicity and has local extrema where the
data have, without suffering from overfitting that
is inherent to a polynomial regression algorithm in
cases of nonlinearly distributed data.

The two presented test cases illustrate that our
algorithm is able to preserve the accuracy during
the interpolation procedure on the reference data
sets despite the fact that the resonant frequency
exhibits a very nonlinear behavior for some modes
with respect to either slot parameter, as can be
observed in Fig. 4, for example.

Moreover, since the slot parameters are com-
puted as normalized values with respect to L andW



(observe abscissa axes in Figs. 3 and 4), the output
values for the slot parameters can be scaled to other
antenna sizes and frequency ranges of SRSRMA
(which was discussed in [5] in more detail), which
creates an opportunity for a fast design without
having to heavily depend on a full-wave electromag-
netic solver.

Within our comprehensive study of the slot
effects on the resonant frequencies [3], we had
recorded the resonant frequency values for other
slot widths and orientations on an SRSRMA and
this prediction algorithm can analogously be ap-
plied to those data sets. Therefore, we mean that
the applicability of the algorithm could extend to
other noncanonical designs of multiband antennas
as well, should initial data sets be prepared for them
as described above.

As for the input frequency value, it is helpful to
have an idea of the plausible range of values for the
case of interest. If the user enters a value that is
outside the plausible range, the algorithm will print
a message and inform on the acceptable range. On
the other hand, the choice of the initial value of the
slot dimension is not an issue as long as the value
is within the predefined range of slot dimensions,
as specified earlier. The current version of the al-
gorithm can be advanced by giving a user an initial
information on the plausible range of resonant fre-
quencies, given the mode of interest.

5 Summary

In this paper, we achieved an integration of the two
previous interpolating algorithms, each one being
used for processing of one slot parameter. As the
result, the enhanced algorithm can now compute
two slot parameters, given the antenna mode and
the desired resonant frequency.

The results were tested on several test cases, two
of which were shown in this paper (the confidence
by manufacturing and measurement of multiple an-
tenna models was already done in [3, 5]) and they
show excellent agreement with the results obtained
by the MWS simulations.

To spare a user of browsing through a large num-
ber of raw data sets and source code lines, the next
improvement to the code will be to create a sim-
ple user interface that will enable a user to set the
input parameters values, easily run the algorithm
and see the results displayed in just a few clicks.

Following that, a simple interface to enable
rescaling of the antenna to a different dominant-
mode frequency or a different substrate permittiv-
ity would further extend the applicability of the
algorithm.
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