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Abstract—This paper introduces an investigation of one type
of position sensors. It is a resonant microstrip sensor with a
resonator as an open stub controlled by a simple slot. It produces
signal with frequency variation corresponding to covering of the
slot in the ground plane. The sensing is performed by sliding the
metal or dielectric plate over the slot. The structure is in planar
technology, simple, low fabrication cost and compact. It is
without multilayers, coupling, via holes, air bridges, discrete or
active components.

Index Terms—Microwave position sensor; Microstrip; Slot.

. INTRODUCTION

IN recent times, microwave sensors are becoming common
and important sensors in application [1-3]. Microwave
resonant sensors are one type of them. They are sensitive, able
to survive overdrives and their signal can be directly
transmitted over a distance to be evaluated at a safe location.
Microstrip is one of the most common type of microwave
structures. Microstrip is also widely applied in sensor
structures [4-14]. It is planar printed technology easy for
fabrication, cheap and have compact design.

Position (displacement) sensor is an important type of
sensors  [4-8,12-14]. Moving object is controlling
characteristics of the microstrip resonant structures.
Resonators can be: a defect in the a periodic structure [4, 5,
12], a coupled resonator [5-8] or an open stub [13,14]. There
are some disadvantages for [4-6, 12]. In the cases of [4-6] it is
only for vertical distances below 1 mm. In technological
aspect using defect in the periodic structure produces a too
long structure and complicates fabrication.

Structures in [7, 8, 12-14] are applied for lateral position
sensors. It is important to say that the operation principle of
the sensors [7, 12-14] is based on variation of the resonant
frequency, rather than variation in the depth like in [8]. In that
way, the sensors are generally immune to the environmental
noise, which is very important. Main advantage of sensors in
[7, 8] is two-dimensional sensing. In the other hand,
disadvantage of the same sensors is importance of air gap
(distance) between the microstrip structure and the moving
object. There is also one problem for all sensors in [7, 8, 13,
14]. There is no difference between left and right position of
the moving object against the middle position.

Slot in the ground plane of the microstrip can be used to
eliminate need for air gap. Moving object can slide over the
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ground plane and control the length of the slot. Slot and
similar defected ground structures (DGS) are common in
microwave technology. In fact, slotted ground plane has now
a wide application in microwave sensors [4-6, 9-14].

Sensor with microstrip T-junction incorporating stub
resonator with slotted ground plane under the stub is
introduced in [13, 14]. Advantage of the open stub solution
against the case with only one microstrip line is that the sharp
bandstop always exists in the open stub solution. It is based on
resonance frequency generally immune to the environmental
noise, which is very important. Slot is the simplest type of the
DGS. Controlling (modifying) the slot length one can control
the frequency of the stopband minimum. It is modification of
the slot by covering part of the slot with a metal or dielectric
plate. The covering of the slot induces frequency shift of the
stop-band minimum. It produces variation of frequency with
frequency corresponding to position of the plate. The sensing
is performed by sliding the plate over the slot. Proposed
structure is simple, low fabrication cost and compact. It is
without multilayers, coupling, via holes, air bridges, discrete
or active components. Microstrip T-junction is separated with
the metalized ground plane and the outer influence can be
obtained only through the slot. In that way, the sensors are
generally immune to the environmental noise, which is very
important. It is useful for high range of the measured distance
(~10mm) and practically linear in the lower distance range.
Basic scheme of the introduced open stub with a slot in the
ground plane is presented in Fig. 1.

Introducing dielectric instead of metal plate shifts resonant
frequency minimum in opposite direction, to lower instead to
higher frequency. It can be used to distinguish left and right
displacement and improve the position sensing.
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Fig. 1. Basic scheme of the microstrip T-junction with an open stub and a
slot in the ground plane beneath the open stub.
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Il. SLOW-WAVE EFFECT INTRODUCED WITH A SLOT ETCHED
IN THE GROUND PLANE

The slot etched in the ground plane of a microstrip induces
bandstop and slow-wave effect in the lowpass region. Sliding
a plate (metal or dielectric) over the slot one can control the
slow-wave effect on the line. Covering of the slot with a metal
plate decreases the slow-wave effect. In opposite, covering of
the slot with a dielectric plate increase the slow-wave effect.
Applied to an open stub equation for the resonance (1) it
means that effective permittivity e can be changed
according to the sliding of the plate over the slot. L is the
length of the open stub, Aq is vacuum wavelength (g5 =1) and
Ares IS the resonant wavelength
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Covering of the slot with a metal plate decreases €. In
opposite, covering of the slot with a dielectric plate increase
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I11. REALIZATION AND RESULTS

The upper and the ground plane of the fabricated structure
are shown in Fig. 2 and Fig. 3. Substrate characteristics are &,
= 2.1 and h =0.508 mm. Photo of the slot side (down side) is
presented in Fig. 4. SMA connectors are on the both ports.
Metal or dielectric plate is sliding over the slot in a track made
of two brass walls as shown in Fig. 4. Brass walls are brass
plates bonded on the ground plane with silver epoxy.

Measuring position of the moving object (plate) is
presented in Fig. 3 as a distance d. In the case of the metal
plate the shapes of the bandstops are presented in Fig. 5. It can
be seen that sharp stopbands always exist. Relation between
distance and the measured resonant frequency is presented in
Fig. 6. In the case of the dielectric plate relation between
distance and measured resonant frequency is presented in Fig.
7. As can be seen, metal plate is increasing the resonant
frequency and dielectric plate is decreasing the resonant
frequency.

Practically, opposite effect can be used to distinguish left
and right displacement of the moving object. Start with one
metal plate and one dielectric plate on the opposite sides of
the slot length. Suppose that the both plats are connected on
the same moving object. Moving right from the middle
position, for example, metal plate is covering the slot and the
resonant frequency is increased. Moving left from the middle
position dielectric plate is covering the slot and the resonant
frequency is decreased. The main problem can be
disproportional shifting of the resonant frequency for metal
and dielectric plate. In the presented case, shown in Fig. 6,
dielectric plate is €, = 10.2 and h =0.635 mm with one and two
layers of the mentioned substrate. Solution can be a higher
permittivity dielectric.
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Fig. 2. Upper side of the realized microstrip stub resonator (black) with
slotted ground plane (gray). All microstrip lines are 1.6 mm wide 50 Q lines.
White dots represent part of slot beneath microstrip line.

Fig. 3. Down side (ground plane) of the realized microstrip stub resonator
with a slot. Metal or dielectric plate (gray) is sliding over the slot and covers
distance d from the left edge of the slot (black dots).

Fig. 4. Photo of the slot side (down side) of the fabricated microstrip sensor:
Metal or dielectric plate is sliding over the slot in a track made of two brass
walls.
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Fig. 5. Simulated (dot) and measured (solid) relation S;; vs. frequency in the
case of the metal plate for boundary cases: full slot, d = 15 mm and without
slot (totally covered). Stopband always exists.
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Fig. 6. Simulation (solid) and measured results (circles) in the case of a metal
plate for resonant frequency vs. position distance d.
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Fig. 7. Measured results in the case of a dielectric plate for resonant
frequency vs. position distance d.

IV. CONCLUSION

In this paper one position microwave sensor is introduced.
It is a microstrip stub resonator with slotted ground plane
under the stub. Covering of the slot with a metal or dielectric
plate produces frequency variation of the resonant frequency
of the open stub. One of the advantages is that the sharp
stopband always exists and the resonant frequency can be
clearly measured. One advantage in investigation is possibility
of distinguishing right and left movement. Covering of the
slot with a metal plate increases the resonant frequency. In
opposite, covering of the slot with a dielectric plate decreases
the resonant frequency.

Overall, the resonance frequency is generally immune to
the environmental noise. The proposed structure is simple,
low fabrication cost and compact. It is without multilayer,
coupling, via holes, air bridges, active or discrete components.

The outer influence can be obtained only through the slot and
the rest of the metalized ground plane protects microstrip T-
junction from non-desired influence.
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