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A rectangular slot Yagi DGS microstrip filter
with sharp rolloff and wide suppression band

Jing Gong1

A compact microwave lowpass filter based on defected ground structure (DGS), consisting of Yagi slot DGS resonators
etched on the metallic ground plane of a microstrip line, is studied in this paper. The proposed lowpass filter was analyzed
by parameter sweeping and optimal parameters were selected to design a prototype demonstrator filter. Measurements show
the developed lowpass filter exhibits a 3dB cutoff frequency of 3.07 GHz with a sharp transition between the passband and
the stopband, low insertion loss of less than 0.6 dB in the passband and an in-band group delay of 0.4 ns. Moreover, an
ultra-wide suppression band from 3.68 to over 20 GHz with a suppression level generally better than 20 dB is also observed
from measurements.
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1 Introduction

The rapid development in telecommunication sys-
tems and applications demands compact, low profile and
miniaturized microwave components for application to
such as satellite systems, mobile communications, wire-
less remote sensing, super resolution transmissions and
imaging [1], and so on. In all the above mentioned ap-
plications, microwave components such as diplexers [2],
[3], antennas [4]-[6], baluns [7], [8], power dividers [9]-
[12] and filters [13], [14] may be used in one way or the
other. Among them, the microwave filters are indispens-
able in many RF and microwave applications and they
may function as separating or combining signals of dif-
ferent frequencies as a result of the electromagnetic spec-
trum being a limited resource that needs to be shared. For
this purpose, microwave filters are necessary to confine or
select microwave or radio frequency signals within dedi-
cated spectral limits. This calls for filters with low cost,
small size, low profile, ultra-wide suppression band, sharp
rolloff from the passband to stopband, minimal in-band
insertion loss and so on.

In 1957, Hamel and Isbell proposed the conventional
log-periodic array antenna for broadband applications
[15], [16] and in 1977, Campbell et al presented the
printed log-periodic dipole array antenna [17]. The log-
periodic structures have found wide applications in an-
tenna designs and was introduced into the design of mi-
crowave circuits. In [18], authors proposed a compact log-
periodic branch-line balun with an octave bandwidth and
a compact size. In [19], authors proposed a quasi-Yagi de-
fected ground structure (DGS) lowpass filter with a sharp
cutoff frequency response and low in-band insertion loss
along with a wide rejection band of about 20 dB from 2.8
to 11 GHz, where a further size reduction is required.

The DGS resonator for microwave filter applications

has become prevalent due to its inherent bandgap proper-

ties over photonic bandgap structures at some frequencies

that exhibits finite attenuation poles. On the other hand,

the design of lowpass filters with ultra-wide suppression

band is a daunting task and no wonder earlier reported

works such as the dumb-bell-shaped DGS had a narrow

suppression band. To mitigate these challenges, DGS unit

cells may be cascaded to obtain a wide suppression band

at the expense of circuit size and increases the in-band

insertion loss that may be undesired for compact appli-

cations. In [20], cross-shaped DGS lowpass filter was de-

signed at a cutoff frequency of 4 GHz with an ultra-wide

suppression band from 4.3 to 20 GHz referred to 20 dB. In

[21], fan-shaped DGS and double radial stub was used to

implement a lowpass filter with a cut-off frequency at 1.49

GHz while has the first attenuation pole at 2.0 GHz with

an attenuation level of 57.2 dB. The developed filter has a

stopband range from 1.65 to 7.41 GHz and a suppression

level of 20 dB but a bulky size. These results illustrate

developing microwave filters with high performance and

compact size/volume would be always challenging.

In this study, a microstrip Yagi slot DGS lowpass filter

at a 3 dB cutoff frequency of 3.07 GHz is developed with

a low profile and compact size as well as an ultra-wide

suppression band from 3.68 to over 20 GHz under a 20

dB suppression level. This is a Yagi DGS resonator for

application to developing the microwave lowpass filters.

The design and development of such a microwave filter

is presented and discussed with the proposed parameter

sweeping. And, subsequently, a simulation study is car-

ried out.
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2 Rectangular slot based Yagi DGS resonator

The concept and principle of the log periodic array
antenna have been introduced as a DGS in microstrip
lowpass filter design to realize a Yagi DGS microstrip
lowpass filter. It is composed of individual scaled rectan-
gular slots to form the lowpass filtering on a microwave
grounded substrate. The log periodic etched slots on the
ground plane act as resonators for the lowpass filter im-
plementation, which distracts the shield current flow on
the ground plane. It is evident from [15] that for struc-
tures comprising of resonant elements, if the frequency in-
dependent performance is expected, the resonances must
be staggered to enable the variation of frequency in re-
lation to the resonant element from one to another. For
the case of antenna array composed of similar discrete el-
ements, it implies that the physical sizes of the elements
must be scaled from one to the next such that the desired
frequency range can be covered with elements of overlap-
ping response characteristics.

hi

si

hi+1

didi+1

Fig. 1. Rectangular slot based YAGI DGS

The concepts formulated above have been adopted to
design microstrip DGS lowpass filters for microwave ap-
plications. Scaled defected slots arranged side by side
have been etched out on the metallic ground plane be-
low a microstrip line sandwiched by a microwave sub-
strate. Fig. 1 shows the studied Yagi DGS resonator. It
consists of rectangular slots scaled in height (length) and
separation to represent a log periodic pattern etched on
the ground plane of a 50 Ω microstrip line. The periodic
marbled slots on the metallic ground plane disrupts the
current distributions, causing modifications of the trans-
mission line characteristics and thus creating the slow-
wave effect and realizing the band rejection property [14].
When a half wavelength slot resonates, consequently it
controls the center frequency of its transmission and re-
flection responses when applied to microwave filter de-
signs. In general, the number of scaled rectangular slots,
their scaled length and separation with respect to the 50
Ω microstrip line as well as the substrate determine the
filter responses. Here we represent the width of the rect-
angular slot as si , while the height (length) of the slot is

denoted as hi and the separation between adjacent slots
is described as di . Further, we define the height (length)
scale factor, Rh , as

Rh =
hi+1

hi

, i = 1, 2, 3, . . . (1)

The lengths of the defected rectangular slots forming
the Yagi DGS lowpass filter are related by a constant scale
factor denoted as Rh in (1). For the operation of this type
of structure, it is also necessary to scale the environment,
namely the separation between adjacent defected slots
must have a relation in like manner. Hence the separation
ratio between rectangular slots is defined as

Rd =
di+1

di
, i = 1, 2, 3, . . . (2)

On the other hand, to present a more general discus-
sion about such a kind of DGS, the slot width (repre-
senting the characteristic impedance of a slotline) is also
varied with a ratio given by

R0s =
si+1

si
, i = 1, 2, 3, . . . (3)

It is noted that the microwave substrate in this study
has a relative permittivity of 9.6 with a thickness of 0.8
mm.

3 Developing microstrip DGS

filter based on Yagi slot resonators

The 3D view of the discussed Yagi DGS lowpass filter
is shown in Fig. 2, where seven basic rectangular DGS
cells were cascaded in a Yagi fashion based on the archi-
tecture shown in Fig. 1. On the top side of the grounded
substrate, it is a 50 Ω microstrip line with its line width
0.76 mm for the above mentioned microwave substrate.
The Yagi DGS filter shown in Fig. 2 is numerically ana-
lyzed by parameter sweeping. A full-wave EM simulator,
Ansoft Ensemble, was employed to carry out the analyses.

50 microstripW

line

DGS pattern

ground plane

substrate

er = 9.6,    = 0.8 mmh

Fig. 2. 3D view of the proposed Yagi DGS microstrip filter
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Fig. 3. Sweeping results for different separation(center to center)ratio Rs and slotted length ratio Rh , where the initial length(height)of
the slot is h1 = 18.5 mm and the initial separation from the first to second slot is d1 = 6 mm.(a)for Rh = 0.7, 0.8 and 0.9 and Rd =
0.7.(b)for Rh = 0.7, 0.8 and 0.9 and Rd = 0.8.(c)for Rh = 0.7, 0.8 and 0.9 and Rd = 0.9.(d)for Rs = 0.7, 0.8 and 0.9 under Rh = 0.8

and Rd = 0.8

It is known that for the Yagi-Uda antenna design, the
scale ratio, the slot dimensions and their environment
need critically study for optimal electric performance. If
the environment is not properly studied and scaled, such
an antenna cannot work. These parameters are also very
important in the microwave filter realization in this study.

As a result, parameter sweeping study is carried out to
have a deeper insight to the electric performance of the
studied Yagi DGS filter. The simulation results are illus-
trated in Figs. 3(a)-(d), where the first slot has a constant
length of h1 = 18.5 mm with the first separation of d1 =
6 mm and a constant slot width of si = 1.5 mm for all
cases shown in Figs. 3(a)-(c). In Fig. 3(a) the return and
insertion losses have been plotted for the height scale ra-
tio of Rh from 0.7 to 0.9 under a constant separation
ratio of Rd = 0.7. It can be observed from Fig. 3(a) that

for a smaller height ratio Rh , wide suppression band can
be achieved since this formulates the slot length varied
greatly. Hence the shorter slots contribute to the high fre-
quency suppressions. On the contrary, with the increasing
of ratio Rh to a larger value, all slots tend to approach
near the same length, thus the suppression at some high

frequencies becomes poor. With increasing the separation
ratio Rd to 0.8 and sweeping the height ratio Rh from
0.7 to 0.9, similar response can be found as recorded in
Fig. 3(b), where enhanced stopband suppression level can
be observed as compared with the one shown in Fig. 3(a).
Further increasing the separation ratio to Rd = 0.9, as
shown in Fig. 3(c), one can see the suppression level in the
stopband can be further increased under proper height
ratios of Rh , but this also yields increased circuit size.
Consequently, the separation ratio Rd and height ratio

(a) (b)

Fig. 4. Photograph of the developed prototype filter.(a) – front side, (b)– back side



220 J. Gong: A RECTANGULAR SLOT YAGI DGS MICROSTRIP FILTER WITH SHARP ROLLOFF AND WIDE SUPPRESSION BAND

Table 1. Performance comparisons of the developed lowpass filter and some related publications

References fc3dB
First attenuation Stop-band range Filter Substrate

/Years (GHz)
pole and level suppression level size* εr h Notes

(dB) (GHz) (dB) (GHz) (mm2 ) q(-) (mm)

(19)/2014 1.8 35 2.9 20 2.8 ≥10 19.8×15.4 10.2 0.635 Improved dumbbell

(20)/2006 3.75 30 4.35 20 4.3 ∼15.8 - 4.4 1.6 Crossed dumbbell

(21)/2016 1.49 57.2 2.0 20 1.65∼7.41 40×20 3.38 0.813
Fan-shaped DGS

double radial stub

(22)/2017 4.0 32.8 6.7 20 4.3 ∼20 50×14 3.38 0.813 Cross shaped DGS

(23)/2017 3.88 44.35 4.14 20 4.07∼15 35.25×16.15 2.55 1.5
Marbled microstrip

dumbbell-shaped DGS

(24)/2015 3.11 22.5 3.23 25 3.24∼10.7 20.02×13.64 10.2 1.27 Interdigital DGS

This work 3.07 52 4.16 20 3.68∼> 20 23.64×18.5 9.6 0.8 Yagi-DGS

Rh should be selected in such a way that some tradeoffs
between the circuit size and the expected electric perfor-
mance are required.

The slot width ratio Rs is also studied here under
constant values of Rd = 0.8 and Rh = 0.8. With Rs

sweeping, as presented in Fig. 3(d), results show that
different from the height and separation with optimal
ratios required, all slots should present uniform width to
achieve higher suppressions within a wider stopband.

These parameter sweeping results gives some useful
insights into the design and operation of this kind of
Yagi shaped DGS, which can help enhance the design
expediency and performances of this kind of filter.

A Yagi DGS lowpass filter is optimally designed based
on above discussions. With electromagnetic optimiza-
tions, dimensions of the filter are found as: the first slot
has a length of h1 = 18.5 mm, the first separation is set
to d1 = 6 mm, the height or length ratio is Rh = 0.74,
and the separation ratio is Rd = 0.8. Such a lowpass fil-
ter is realized on a microwave substrate mentioned above,
which has a size of 23.635× 18.5 mm2 .

4 Measurements on the

developed prototype filter

The developed Yagi DGS lowpass filter prototype was
fabricated to further validate its electric performance.
Photographs of the developed demonstrator filter are
shown in Fig. 4 with two SMA connectors attached at
the two ends, where Fig. 4(a) is the front or top side of
the filter and Fig. 4(b) shows the bottom/back side.

A vector network analyzer, N9918A from Agilent tech-
nologies, was utilized to experimentally characterize the
electric performance of the developed filter. It can be ob-
served from the measured and simulated results shown in
Fig. 5 that in general, the passband insertion loss is less
than 0.6 dB from DC to 3.07 GHz with a − 3dB cutoff
frequency of fc3dB = 3.07 GHz. The developed lowpass

filter has a stopband from 3.68 to over 20 GHz with sup-
pression level greater than 20 dB frommeasurements. The
first transmission zero is located at 4.16 GHz with sup-
pression level over 52 dB from measurements, thus hav-
ing a sharp transition from the passband to the stopband.
The developed filter has an in-band group delay of about
0.4 ns. As a result of the open free space of the Yagi DGS
patterns, the etched slots at some frequencies within the
stop band act as electromagnetic emitter and thus emit
electromagnetic waves into free space. This leads to some
notches experienced in the measured return loss within
the band of interest. In general, the measurements match
with the simulations.
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Fig. 5. Measurements and simulation results of the developed
demonstrator filter

Further, Tab. 1 lists some published DGS based mi-
crowave lowpass filters and the developed lowpass filter
in this study for performance comparisons. It can be ob-
served from the table that, on the whole, the developed
prototype demonstrator could characterize a compara-
tively high suppression level within a very wide stopband
and a compact occupied circuit area. Moreover, the stud-
ied Yagi DGS is very simple in structure, as compared to
other reported results presented in Table 1.
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Performance comparisons of the developed lowpass fil-
ter and some related publications.

5 Conclusion

A simple and compact Yagi DGS resonator has been
introduced and discussed for microwave lowpass filter ap-
plications. The studied DGS exemplifies simple architec-
ture, and can generate attenuation pole and reflection
pole near the cutoff frequency. For microstrip lowpass fil-
ter demonstrations, results show an extensive stopband
with high suppression level can be approached by cascad-
ing Yagi DGS slots. Experimental examinations on the
developed prototype filter to authenticate the predica-
tions, consequently confirming the study of this contribu-
tion. It is envisaged that the presented Yagi DGS filter
would be attractive for further integration with other mi-
crowave circuits, components or modules for system ap-
plications.
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