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Compact Microstrip Resonators
for 900 MHz Frequency Band

M. G. Banciu, R. Ramer, and A. Ioachim

Abstract—A technique to reduce the size of planar resonators
is investigated using a transmission line model and a finite-dif-
ference time-domain (FDTD) method. New miniaturized square
microstrip resonators are proposed for 900 MHz band. The res-
onators offer low impedance sections leading to a better handling
of power. The feasibility of compact filters using the proposed
resonators is demonstrated. The input/output coupling lines of
a two-pole filter have been positioned in a way that produces a
filter response with transmission zeros on the both sides of the
pass-band. Sharper skirts and higher out-of-band rejection are
obtained for four-pole filters with cross-coupled resonators.

Index Terms—Cross-coupled resonators, microstrip filters,
stepped-impedance resonators, wireless passive components.

I. INTRODUCTION

RAPID evolution of the mobile communications systems
requires miniaturized low-cost RF components with im-

proved performance. Simple squared open-loop resonators have
been proposed for low-cost microstrip filters [1]. Nevertheless,
for low frequency bands, such as the 900 MHz band of the Gen-
eral Packet Radio Service (GPRS), the size reduction requires
even more compact resonators and filters.

The newly proposed type of microstrip resonators were de-
signed in a square shape due to its versatility in offering sev-
eral inter-resonator coupling options to the filter design. De-
signed for the same resonance frequency, the newly proposed
900 MHz resonators of types labeled A, B, C, D and E, are illus-
trated in Fig. 1(a)–(e). They are more compact than the square
hairpin and the simple half-wavelength loop resonators, which
are shown in Fig. 1(g) and (h) respectively.

A miniaturized hairpin resonator in Fig. 1(f), with the same
size as the resonators of types C, D, E will resonate at 986 MHz.
Hence, its dimensions need to be increased for operation in the
900 MHz frequency band. Resonators of type A and B have a
10.64 mm edge compared to 9.52 mm edge for the resonators
C, D, E. Thus, the first resonators cover 40% of the surface area
of the simple loop half-wavelength resonator compared to the
latter ones, which take up only 32%.

The resonators have been manufactured on Rogers substrate
with 0.635 mm thickness and dielectric constant.
The measured values of the unloaded quality factors are
152.5, 154, 120, 132.2 and 141.2 for type A, B, C, D and E
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Fig. 1. Geometry of newly proposed resonators together with other microstrip
resonators. (a) A type resonator, (b) B type resonator, (c) C type resonator, (d)
D type resonator, (e) E type resonator, (f) miniaturized hair-pin resonator, (g)
squared hair-pin resonator, and (h) half-wavelength loop resonator.

Fig. 2. Model of a stepped-impedance resonator with stubs added.

resonators, respectively. These values are close to the quality
factor of the simple hairpin resonator in Fig. 1(g),
which occupies a larger area.

II. TRANSMISSION LINE MODEL

A method of size reduction of planar resonators is proposed
by investigating a stepped impedance resonator (SIR) with the
admittance ratio , , and the characteristic admittance
for the low admittance section. Two uniform stubs of character-
istic admittance are added symmetrically on both sides of
point O, at points M and N as shown in Fig. 2. is the ratio of
the stub admittance and the characteristic admittance for the
low admittance section of the stepped impedance resonator. The
transmission lines are regarded as loss-less and nondispersive in
this model. The same propagation constant is considered for
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all transmission line sections, with different characteristic im-
pedances. The initial model does not take into account any dis-
continuities such as step-impedances, bends, open-end effects,
junctions, etc.

The resonator size reduction while keeping the resonance fre-
quency unchanged is equivalent to the decrease of the resonance
frequency and having the size unchanged. It is already known
[2] that the maximum reduction of resonance frequency, for a
simple SIR without stubs, is obtained when the section with
the high admittance has the length equal to the half of the
length of the section with low admittance . Applying this con-
dition to the SIR, illustrated in Fig. 2, leads to .

For the fundamental mode analysis, the symmetry point O in
Fig. 2 may be considered as short-circuited. The resonance fre-
quency of the fundamental mode is , where

is the effective propagation velocity along the line, and
is the propagation constant at resonance. The cancellation of the
input impedance at port 1 leads to the following equations in :

when (1a)

and

when (1b)

The case corresponds to the stub connection to the SIR
segment with lower characteristic admittance in Fig. 2. In
the case , the stub is connected to the SIR segment with
higher characteristic admittance. The solution of (1a)
gives the resonance frequency of the fundamental mode. As
shown in Fig. 3, the resonance frequency decreases with the
increase of the stub length and increases with the increase of
the distance , which gives the stub position. Dimensions are
normalized to , which is the wavelength corresponding
to the resonance frequency MHz in our case. The
resonance frequency also decreases with the increase of ,
the admittance ratio of the SIR. This is illustrated in Fig. 4.

The analysis of the first higher order resonating mode pro-
vides information about the filter spurious pass-band. For the
first higher mode analysis, the symmetry point O can be con-
sidered as open-circuited. The frequency of the first spurious
mode can be obtained from the solutions of the following equa-
tions:

when (2a)

and

when (2b)

The ratio between the spurious mode and the
fundamental frequencies reaches its maximum when

.
The resonator design is a compromise between the conditions

of minimizing and maximizing the ratio . For practical

Fig. 3. Decrease of resonance frequency due to the stubs placed at various
distances l , when S = 2. Dimensions are normalized to � .

Fig. 4. The reduction in resonance frequency when the stubs position l =

0:13� is unchanged and S varies. Dimensions are normalized to � .

designs, illustrated in Fig. 1(a)–(e), a pair of nonuniform stubs
are folded and added inside to the squared SIR. The type A,
C and E resonators correspond to the case of , and the
type B and D resonators correspond to the case . In the
case of resonators of type A, C, D and E, the bend capacitance
has been partially compensated. It was found that a higher de-
gree of compactness could be obtained, when one pair rather
than two pairs of nonuniform stubs was used [3]. In the design,
only low-impedance transmission line sections with character-
istic impedance were used. This attribute makes
the proposed designs very attractive to HTS applications, where
wide lines are strongly required for a better power handling [5].
The realization of newly proposed microstrip resonators and fil-
ters using these resonators is simple and does not require any via
holes or additional lumped components.
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Fig. 5. Two-pole filter response using the D type resonators shown in
Fig. 1(d). The solid line and the dashed line represent the measured and
simulated response, respectively, for the structure shown in the (a) insert. The
dotted line represents the simulated response of the filter shown in the insert
(b).

Fig. 6. Response of the four-pole filter using cross-coupled A type resonators
shown in Fig. 1(a).

As the transmission line models are less accurate for the anal-
ysis of the final shape of resonators, a 3-D FDTD method was
developed in-house. This method was used for the final mi-
crostrip resonator and filter design. The inter-resonator coupling
coefficients and the external quality factors were also evalu-
ated by employing the same in-house developed FDTD method.
The total FDTD design time was considerably reduced as signal
estimation and neural networks were included in the model [4].

III. COMPACT MICROSTRIP FILTERS

Once the dependence of inter-resonators coupling coeffi-
cients on the resonators positions and spacing was calculated,
we proceeded with the multi-pole filter design. Two-pole filters

designed with D type resonators are shown in the insert of
Fig. 5. For both (a) and (b) filter configurations, the coupling co-
efficient and the external quality factor are equal. Nevertheless,
due to the asymmetric positions of the input/output coupling
lines, the response of filter in configuration (a) exhibits two
transmission zeros on both sides of the pass-band, compared to
only one transmission zero for filter in configuration (b). The
additional transmission null produces a sharp response at low
frequencies.

An increased degree of control on the transmission nulls was
achieved when designing a four-pole filter with cross-coupled
A type resonators. The corresponding layout and filter response
are shown in Fig. 6. The transmission zeros on both sides of the
pass-band are due to the extra negative coupling between the
first and fourth resonators (counted from the upper left clock-
wise). This confers a quasielliptic response [6] of the filter. The
cross-coupling improves the filter skirt sharpness. The coupling
matrix is

(3)

The external quality factor is .

IV. CONCLUSIONS

The size of stepped impedance resonators can be reduced
by addition of the stubs. The newly proposed resonators take
up to 32% of the surface of a simple square half-wavelength
resonator, both being designed for 900 MHz. Two-pole filters
with transmission zeros on both sides of the pass-band were
designed by using the miniaturized resonators. Four-pole more
selective filters with improved out-of-band attenuation were ob-
tained using cross-coupling configurations of the compact res-
onators. The filters realization does not require via holes or ad-
ditional lumped components and makes them suitable for appli-
cations in wireless systems. The proposed designs are also at-
tractive to HTS planar technology because the resonators have
only low impedance sections for a better power handling.
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