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The use of DGS
resonators can help to
shrink bandpass and
bandstop filters—at the
same time achieving
both high selectivity and
sharp transitions from
passbands to stopbands.
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oact Filters

apid growth of modern communication systems has encouraged the

development of a number of different compact filters with special speci-

fications, such as multiband operation.! Defected ground structures

(DGS) have been employed in a growing number of RF/microwave

components, including power dividers/combiners and filters, to achieve high perfor-

mance with small size.2”

A DGS is constructed by etching a defected pattern on a printed-circuit board’s (PCB)
metallic ground plane, changing the effective capacitance and inductance of a microstrip

line formed on that circuit and altering the current distribution on the ground plane. By

consequence, a DGS exhibits slow-wave characteristics and rejects harmonics in micro-

wave circuits, improving the performance of filters and other microwave circuits.

An inductive-capacitive (LC) equivalent circuit can be used to model a DGS resonator

for calculations and circuit simulations.!0-14

Different DGS resonators used in microwave
filters include low-pass, bandpass, and band-
stop circuits consisting of certain resonators
or transmission lines, with the DGS added
to improve filter performance. For example,
a bandstop filter (BSF) can be implemented
using all shunt stubs or by means of series-
connected high-low stepped impedance lines.
DGS resonators have been proposed for
improving the spurious responses of microstrip
filters.!>!8 When attempting to achieve good
performance with high selectivity, microwave

2i-g/2
1. This represents a proposed DGS resona-
tor and its equivalent-circuit model.
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Different DGS resonators used in microwave filters include low-pass,
bandpass, and bandstop circuits consisting of certain resonators or
transmission lines, with the DGS added to improve filter performance.”

filters with transmission zeros should be designed.? Having
transmission zeros at finite frequencies provides sharp cutoff
slopes at transitions from passbands to stopbands, which can be
useful for many applications.

To demonstrate the present design approach, both compact
microstrip bandstop and bandpass filters (BPFs) will be spot-
lighted—each based on the use of two DGS resonators. The
filters are compact and also provide sharp transition responses.
The design technique will be explored through the use of com-
mercial circuit simulation software, including popular simula-
tors from Applied Wave Research (www.awrcorp.com) and
Computer Simulation Technology (CST; www.cst.com), with
measurements of prototypes compared with the simulations to
see how closely they match.

A DGS resonator etched in a metal ground plane is shown
in Fig. 1. The open-loop DGS resonator features sharp angles
to reduce passive parasitic capacitances and decrease the size
of the DGS cell. The open-loop DGS resonator consists of two
capacitive arms that are connected via a rectangular metal stub.
The etched DGS achieves an equivalent capacitance while the
metal area between the two arms achieves an equivalent induc-
tance. The size of the open-loop DGS arm equals 41 - g from Fig.
1. The proposed DGS resonator corresponds to the equivalent-
circuit LC model® demonstrated in Fig. 1.

Values for the resonator’s inductor and capacitor, L, and C,,,
can be computed by means of Egs. 1 and 27

C, = 5E/m(E2IPF (1)

[Sp11 (dB)

-30 1 1 1

Frequency (GHz)
2. These simulations of S,, insertion loss show the impact of changing
gap width g.

GO TO MWRF.COM

L, =250/C(nfp)*nH (2)

where:

f. = the cutoff frequency (in GHz), and

fo = the resonant frequency (in GHz) calculated from the trans-
mission characteristics of the quasi-ring DGS slot.

When the quasi-ring DGS slot in the ground plane of Fig. 1
is excited by a 50-() transmission line, it performs as a paral-
lel LC resonant circuit'® and also exhibits one-pole bandstop
characteristics (Fig. 2). To better understand how changes in the
dimensions of the DGS cell affected the behavior of the band-
stop filter, a parametric analysis was conducted.

For example, Fig. 2 includes the effects of changes in stub
width, g, in the open-loop-ring DGS slot on the resonant fre-
quencies of the filter. By changing the width of g, the cutoff
frequency and attenuation pole can be readily modified.

The length of the gap (arm) controls the effective capacitance
of the microstrip line. As the metal stub width g increases, the
cutoff frequency and the attenuation poles shift to higher fre-
quencies. As Fig. 2 shows, the resonant frequency jumps from
4.0 to 6.5 GHz as g increases from 3 to 7 mm. As g increases,
the effective inductance decreases, so the resonant frequency
increases. In this way, it can be seen that the stub width g con-
trols the effective inductance, which in turn controls the reso-
nant frequency.

Figure 3 contains a three-dimensional (3D) view of the pro-
posed BSE The filter consists of two overlapped DGS resonators
etched into the bottom layer of the filter circuit, where distance,

Compensated
capacitance

Substrate

Metallic
ground

3. This is a three-dimensional (3D) view of the DGS bandstop
filter (BSF).
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Shrinking Bandpass Filters

d, equals 2.5 mm. In addition, two com-
pensating microstrip capacitances on
the top layer are connected by means of
a 50-Q microstrip line. Electrical cou-
pling between the two DGS resonators is
employed to improve filter performance.

The proposed bandstop filter
was fabricated and measured with
a model HP8722D vector network analyzer (VNA) from
Agilent Technologies (now Keysight Technologies; www.
keysight.com). The filter was printed on Rogers RO4003 PCB
material from Rogers Corp. (www.rogerscorp.com) with a rela-
tive dielectric constant, ¢, of 3.38 measured at 10 GHz through
the z-axis (thickness) of the material.

The PCB material had a thickness, h, of 0.813 mm. Figure 4is
a photograph of the fabricated BSE

This use of DGS resonators for the BSF makes possible an
extremely compact filter. A total area of 0.50\; x 0.25) is occu-
pied by the filter circuitry, where the wavelength A, equals 38.5
mm. Figure 5 offers a comparison of mea-
sured performance with simulations from
the commercial simulation software. It is
clear from the simulations that the filter’s
center frequency fy = 4.1 GHz with a cut-
off frequency f. = 2.5 GHz.

The simulated 3-dB stopband band-
width equals 2.7 GHz. The simulation
results showed that the designed fil-
ter has good transition characteris-

tics and a symmetrical response (Fig.
5). In addition, the measured stop-
band return loss and insertion loss are
quite respectable: less than —20 dB and
0.7 dB, respectively.

S11. Sg; (dB)

— Measurement
— Simulation with box
—— Simulation without box

1 2 3 4 5 6 7 8
Frequency (GHz)

5. These traces are measured and simulated S-parameters.
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4. These photographs show the fabricated DGS
BSF: (a) top and (b) bottom.

6. This is a 3D view of the DGS BPF formed
from the use of a J-inverter with the BSF.

The results of Fig. 5 show that the use
of electric coupling between the two
DGS resonators serves to enhance the
performance of the BSE arming it with
a wide rejection band and sharp tran-
sition from the stopband to the pass-
band. The design strategy produces
reflection transmission zeros on both
sides of the stopband center frequency to help increase the
selectivity of the filter.

Less-than-positive results were achieved for the BPF; Fig.
6 offers a 3D view. The structure has a small gap with sepa-
ration distance, s, equal to 5 mm between the microstrip
feeds to the admittance inverter, J. In this case, the trans-
mission characteristics are inverted, causing the struc-
ture to act as a BPE. Figure 7 offers results of a commercial
electromagnetic (EM) simulation program used to analyze
this structure. Simulated results reveal that the filter circuitry
behaves much like a BPE with center frequency fat 5 GHz.

The return loss is predicted as being
more than 20 dB across the passband
from 4.5 to 5.7 GHz, while the simulated
passband insertion loss is less than 1.9
dB from 4.5 to 5.5 GHz. Also, there's
no spurious passband at 2f,. From the
simulation results, two transmission
zeros on both sides of the passband can
be observed at 3.3 and 11.6 GHz. The
BPF simulations show undue losses
in the passband and a less-than-ideal

upper-transition response. This poor
performance can be attributed to poor
coupling between the two adjacent
DGS resonators.

—— Simulated Sy,
—— Simulated Sy,

A\

S11, Sy (dB)

0 5 10 15
Frequency (GHz)
7. These traces show simulated S-parameters for the DGS BPF.
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Shrinking Bandpass Filters

As Fig. 7 shows, the results for the proposed bandpass filter
were not very satisfactory. The passband loss is relatively high,
while the absence of transmission zeros can be blamed for the
lack of passband flatness and transition sharpness. To improve
upon these shortcomings, a structure with a different topol-
ogy was designed. An optimized structure was investigated

by examining the impact of the external coupling between the

feeds and the DGS resonators. This was done by shifting, step by
step ,the microstrip feeds from the center of the structure to the
edge of the structure, as shown in Figs. 8 and 9.

When the feed was moved from the center of the DGS to
the edge, the filter characteristics were greatly improved (Fig.
10). Optimum results were achieved when the feed positions
were located on the edge of the DGS. By moving the feed posi-
tions to the edge of the DGS resona-

Powerful Multipath/Link

tor and using a prober to control the
distance, k,, between the two feeds, a
BPF with high selectivity can be pro-
duced (Fig. 11).

Emulator

_mrrrr———————————e-

Multipath Rayleigh & Rician Fading
Unmanned Arial Vehiclé (UAV) testing

Sophisticated Satellite link emulation
Mobile Comm’s on the . meve tésting
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The simulations of this modified filter
reveal a center frequency, f, of 4.9 GHz,
with a 3-dB bandwidth of approximately
280 MHz from 4.70 to 5.01 GHz. This
filter design also shows low passband
insertion loss of around 0.1 dB and
excellent response symmetry. The filter
design has two transmission zeros at 4
and 6 GHz, located close to the edges of
the passband. This provides good selec-
tivity and high stopband rejection for
the BPE

50-Q) feed

8. This is a 3D view of the DGS BF (with the

feeds at the center).

50-Q) edge feed

dEBmCorp, Inc

RF Test Equipment for Wireless Communications
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9. This is a 3D view of the DGS BF (with the

feeds on the edges).
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Frequency (GHz)

10. The S;, values are plotted for different values (in mm) of d;.

To learn how to adjust the transmission zeros created in the
lower and upper stopbands, and thus realize a desired passband
bandwidth, as well as control sharp rejection characteristics,
the effects of varying the width of gap k, on the transmission
zeros were studied. Figure 12 shows the dependence of J-inverter
width k;, on the positions of the transmission zeros. If all other
parameters are kept constant and only k, is varied, it is rela-
tively easy to control the position of the transmission zeros and
the bandwidth and transition sharpness between passband
and stopbands.

If k, increases, the positions of the upper and lower transmis-
sion zeros are shifted to higher and lower frequencies, respec-
tively. Similarly, if k, decreases, the positions of the upper and
lower transmission zeros are shifted to lower and higher fre-
quencies, respectively.

To gain even greater insight into the filter design approach
when using DGS resonators, a near-field distribution of the
bandpass filter was computed (Fig. 13). The filter’s electric

0
-10 —— Simulated Sy,
20 —— Simulated Sy

S11,Sy; (dB)
A
o

Frequency (GHz)

11. The traces show simulated S-parameters for the BPF.
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Shrinking Bandpass Filters
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12. The plots show the S-parameters for different values of k; (in mm).

field was computed for two frequencies, in the passband and
stopband regions. When at 3.5 GHz, the electric field exhibits
high density around port 1 (the input feed port) with no energy
flow around port 2, thus displaying strong stopband behavior
[Fig. 13(a)].

On the other hand, the electric field has high density at 4.8
GHz along the filter structure from ports 1 to 2 (across the
DGS resonators) for good passband behavior [Fig. 13(b)]. The

2.08e+04
1.27e+04
7.49e+03
4.11e+03
1.92e+03

0

-1.92e+03
-4.11e+03
-7.49e+03
-1.27e+04
-2.08e+04

s> 77
T j"\\;’;\\& — H
N .

(b)

13. These are electric-field distribution results for the BPF: (a) in the
stopband at 3.5 GHz and ( b) in the passband at 4.8 GHz.

g

electric-field patterns indicate good coupling between the feeds
and the DGS resonators.

In summary, the use of DGS resonators made it possible to
design and fabricate compact filters in a microstrip. A simple
transformation from a BSF to a BPF was achieved with the help
of a J-inverter and some external coupling methods applied to
the resonators.

FILTERING THROUGH FUNDAMENTAL SPECS

58

FILTERS HAVE LONG been a part of RF/
microwave systems, as a means to isolate
and separate signals in communications
networks, radars, and other applications.
Circuits such as bandpass filters (BPFs)
and bandstop filters (BSFs) must often be
specified for different applications, and
selecting a “good fit” for a particular pur-
pose is often more than simply searching
for the smallest design possible. While the
use of defected ground structures (DGSs)
is one way to effectively shrink the size of
a high-frequency BPF or BSF, a number of
other specifications must be considered
when sorting through RF/microwave filters
from different suppliers.

BPFs and BSFs have considerably dif-
ferent functions; it therefore follows that
their specifications will also be different.

A BPF is typically judged by its passband
characteristics, including passband inser-

tion loss. Ideally, the passband insertion
loss should be as low as possible and
consistently low as possible across the
full passband with no glitches. The BPF
should provide as much rejection of
unwanted signals as possible, both in

its lower stopband and upper stopband
outside of the low-loss passband. A BPF’s
passband insertion loss is also typically
judged across an operating temperature
range, and should remain as low as pos-
sible even when working at the highest
temperatures within that range.

In contrast, an RF/microwave BSF is
designed to remove signals from a certain
band of frequencies within a system, while
leaving signals outside of that stopband
with little or no loss. Of course, every
filter has limits on its total bandwidth, so
this type of filter will be specified by the
frequency range of its stopband as well

as the frequency ranges of its upper and
lower passbands. A BSF should provide
a minimum amount of signal rejection in
its stopband and minimal insertion loss
in its passbands.

When attempting to shrink both types
of filters, some laws of physics must still
be obeyed, including the fact that handling
power is generally a function of filter size
and amount of loss. For example, a BPF
that is designed for surface-mount pack-
aging might simply be too small to handle
continuous-wave (CW) power levels in
excess of 50 W or more. If it suffers high
insertion loss in its passband, the amount
of power that it will handle will decrease
as the amount of loss increases. Similarly,
a bandstop filter will handle a certain
amount of power based on its physical
size, with smaller designs simply limited by
the amount of heat they can dissipate.
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Shrinking Bandpass Filters

The computer simulations performed on the filter circuits
agree fairly well with measured results. They show that the use
of DGS resonators offers great promise for the design of at least
two types of compact microstrip filters. [l
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