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Abstract—New microstrip designs of bandpass filters have been developed on the basis of a low-pass filter
with some or all of the sections of the high-impedance microstrip lines connected to a screen by stubs. The
filters exhibit the high frequency selectivity and their fractional bandwidth falls within the range of 30–150%.
An experimental sample filter with a passband center frequency of 2 GHz and a fractional bandwidth of 70%
formed on a 1-mm-thick alumina substrate has a substrate area of   46 × 21 mm. It is shown that the measured
frequency responses of the filter are in good agreement with those calculated using the numerical electrody-
namic analysis of its 3D model.
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Enhancing the data transmission rate is one of the
most important tasks in digital radio communication
systems, which is frequently solved via broadening the
working band. Such systems require highly selective
ultrawideband bandpass filters, which have been
intensively designed in recent years. These filters are
known to be easily implemented by cascading a low-
pass filter (LPF) with a high-pass filter [1, 2]. How-
ever, great interest is presented are simpler and more
manufacturable microstrip coupled resonators filter
designs, in which the screen metallization is partially
removed to enhance the coupling between resonators
[3, 4] or triple-mode resonators are used [5]. In this
case, for filters with a fractional bandwidth Δf/f0 of
broader than 100%, microstrip designs based on irreg-
ular quarter-wave resonators coupled either conduc-
tively [6, 7] or inductively [8] are better applicable.

We studied a new design of an ultrawideband band-
pass filter based on a seventh-order microstrip LPF,
whose conductor topology and frequency response are
shown in Fig. 1. The characteristic impedance of the
filter input and output ports is 50 Ω. The 1-mm-thick
LPF alumina substrate with a permittivity of ε = 9.8 at
a filter cutoff frequency of 2.5 GHz has a relatively
small (40 × 16 mm) area due to an irregular conductor
folded in two. The dimensions of regular strip conduc-
tor sections of the structure are indicated in millime-
ters in Fig. 1. Folding of the LPF conductor not only
reduces the substrate length, but also increases the
slope of the frequency response [9] due to the occur-

rence of an additional electromagnetic coupling
between nonadjacent resonators [10].

An LPF turns to a bandpass filter if some or all nar-
row sections of its irregular conductor are connected
to the screen by stubs. In this case, each stub not only
works as a parallel inductance, as in high-pass filters,
but is also a mutual inductance of adjacent resonators,
the value of which determines their coupling. Figure 2
shows frequency responses of four filters, in the first of
which only two sections designated by Roman
numeral I on the LPF conductor topology (Fig. 1) are
closed to the screen. In the second filter, four sections
designated by numerals I and II are closed; in the third
one, six (I, II, and III) are closed; and, in the fourth
filter, all the seven narrow sections are closed. The fil-
ters were tuned by selecting the conductor width at the
stubs and slightly displacing the point of their connec-
tion relative to the middle of the narrow conductors so
that the maxima of return loss in the filter passband
were about –20 dB. For clarity, Fig. 2 shows the fre-
quency dependence of the return loss for only the
fourth filter.

For all four filter designs, Table 1 gives passband cen-
ter frequency f0, fractional bandwidth Δf/f0 measured at
a level of –3 dB of the minimum loss, which was no
higher than 0.4 dB, and coefficients of the low-fre-
quency slope kl and the high-frequency slope kh of the
frequency response calculated using the formulas [11]
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Fig. 1. Topology of a strip conductor of the low-pass filter (the dimensions of regular sections of the strip conductor of the struc-
ture are given in mm) and frequency dependences of its insertion loss (solid line) and return loss (dashed line).
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where  and  are the frequency bands measured
from the center frequency to the low- or high-frequency
slope of the frequency response at a level of ‒30 dB.

It can be seen from Table 1 that the bandpass center
frequency for the first filter design is f0 = 1.4 GHz and
uniformly increases by 100 MHz for each next design.
The fractional bandwidth Δf/f0 uniformly decreases
from 150% for the first design to 90% for the fourth
one. In addition, Table 1 shows that the steepness of
the high-frequency slope of the frequency response for
all the filters is higher than that of the low-frequency
slope; however, as the fractional bandwidth decreases,
the steepness of the slopes is gradually leveled and the
frequency response becomes almost symmetric.
Importantly, in all the investigated designs, the band-
width of the devices can be smoothly tuned within

Δ 30
lf Δ 30

hf
TEC
narrow limits by changing the stub length. However, in
the fourth filter design, the fractional bandwidth can
be reduced by a factor of 3 (from 90 to 30%) with
simultaneous shortening of the all seven closing stubs.

The operation of the developed ultrawideband fil-
ters was experimentally tested on the fourth of the
investigated designs, in which all the seven stubs are
closed to the screen. A 1-mm-thick alumina plate was
used as a substrate of the experimental device. For cer-
tainty, the center frequency of the filter passband and
its fractional badnwidth were specified to be f0 = 2 GHz
and Δf/f0 = 70%. Parametric synthesis of the structure
was carried out using the numerical electrodynamic
analysis of its 3D model in the CST Studio Suite soft-
ware package so that all maxima of the return loss in
the passband were at a level of –20 dB.
HNICAL PHYSICS LETTERS  Vol. 47  No. 4  2021
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Fig. 2. Frequency response of the bandpass filters with some or all narrow sections of an irregular LPF conductor closed to the screen.
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The dimensions (in millimeters) of the conductor

topology of the synthesized filter design are shown in

Fig. 3a and the calculated frequency response of inser-

tion loss is shown in Fig. 3b (solid line). It should be

noted that, at the stub ends of the investigated design,

there are square pads 1 × 1 mm in size for increasing

the strength of conductors during soldering and at the

ends of the ports, which are brought out to opposite

substrate sides for convenience of connecting the fil-

ter. Note also that, between the wide sections of con-

ductors of the input and output resonators in the filter,

a rectangular conductor of the same length was added,

which has 0.3-mm gaps with them (Fig. 3a). The con-

ductor ensures additional coupling between these res-
TECHNICAL PHYSICS LETTERS  Vol. 47  No. 4  202

Table 1. Parameters of the frequency response for the four ba

Parameter

f0, GHz 1.4 1.5

Δf/f0, % 150 13

kl 3.44 2.5

kh 4.63 3.6
onators, due to which a damping pole is formed near

the high-frequency slope of the frequency response [9,

10], which significantly increases the slope (Fig. 3b).

The design parameters (Fig. 3a) yielded by the fil-

ter synthesis according to the specified passband

parameters were used to fabricate the conductor

topology on a metallized alumina substrate 46 ×

21 mm in size. The obtained microstrip structure was

soldered to the bottom of a metal case with its lower

base (screen), and, then, the contact pads of the stubs

were soldered to the side walls of the case. A photo-

graph of the fabricated experimental sample is shown

in the inset to Fig. 3b. Frequency dependences of the
1

ndpass filter designs

Filter design
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Fig. 3. (a) Topology of conductors with dimensions (mm) of regular sections of the synthesized filter. (b) Lines show frequency

dependences of insertion loss of the filters with Δf/f0 = (1) 70, (2) 50, and (3) 30%. Points show the measured frequency responses

of the experimental sample filter with Δf/f0 = 70%. The inset shows its photograph.
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insertion loss S21 and return loss S11 measured on an

R&S ZVA-40 vector network analyzer are shown in

Fig. 3b by open circles and dotted lines, respectively.

Note not only the good agreement between the calcu-

lated and measured frequency characteristics of the

filter, but also the same minimum loss Lmin = 0.4 dB in

the passband of the device in theory and experiment.
TEC
As was mentioned above, the simultaneous short-

ening of all stub lengths in the investigated design leads

to a decrease in the bandwidth. Figure 3b shows the

frequency responses of the filters with a fractional

bandwidth of 50% (line 2) and 30% (line 3). Note that,

in the designs of these filters, due to the small stub

length (Table 2), it was necessary to move the sections

of the narrow conductors connected to the screen by
HNICAL PHYSICS LETTERS  Vol. 47  No. 4  2021
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Table 2. Parameters of the frequency response for the filters with all stubs of length lI–lIV closed to the screen tuned to
a passband center frequency of 2 GHz

lI–III, mm lIV, mm Δf/f0, % Lmin, dB kl kh

4.71 6.65 70 0.4 2.85 4.00

1.78 2.80 50 0.7 3.06 4.14

1.06 1.70 30 0.9 3.22 4.46
stubs from the centers to the edges of wide conductors

(Fig. 3a). In this case, the distance from the edges of

wide conductors to the substrate edges is always larger

than 1 mm, i.e., than its thickness. To compare the

characteristics objectively, the filters were tuned by the

parametric synthesis to the same center frequency

f0 = 2 GHz, also in the CST Studio Suite software

package.

For the filters the frequency responses of which are

shown in Fig. 3b, Table 2 gives not only the stub

lengths, but also the main parameters of the frequency

response. As expected, the level of minimum loss Lmin

in the passband monotonically increases as its width

decreases. Steepness kh of the high-frequency slope of

the frequency response for all the filters is significantly

larger than kl due to the damping pole formed owing to

a specially induced coupling between the edge resona-

tors. However, with a decrease in the filter bandwidth,

the gaps between wide conductors of the internal resona-

tors in the microstrip structure decrease, additional con-

nections are formed between nonadjacent resonators,

and, as a result, new poles appear in the filter frequency

response, which increase the low-frequency slope.

Thus, new designs were developed for the bandpass

filters based on a microstrip LPF consisting of alter-

nating sections of wide (low-impedance) and narrow

(high-impedance) conductors, in which some or all

high-impedance conductors are connected to the

screen by stubs. The study of these structures showed

the possibility of using them to implement filters with

fractional bandwidths from 30 to 150%, which are

characterized by simplicity and high manufacturabil-

ity. Simultaneously, the devices have a relatively high

frequency selectivity due to the simplicity of forming

additional connections between nonadjacent resona-

tors in the developed designs, which results in the

appearance of damping poles in the frequency depen-

dences of insertion loss significantly increasing the

slope of the frequency response. The measured char-

acteristics of the experimental filter with a relative

bandwidth of 70% on alumina substrate showed good

agreement with the calculated characteristics obtained

by the electrodynamic analysis of a 3D model of the

structure. These facts are indicative of the potential of

the proposed designs for creating ultrawideband fil-

ters, which are in great demand, e.g., in high-speed

radio communication systems.
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