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Abstract — Electronically tuned dielectric resonator {(DR)
structures have, in the main, in the past empioyed external
tuning techniques. This paper presents the investigation
results on a novel tuning technique termed “invasive tuning”.
Invasive tuning invelves the machining of rectangular shaped
slot in the dielectric resonator and embedding the tuning
mechanism inside this slot, which is within the boundary of
the resomator, This results in a very compact tuning
arrangement, which provides substantial tuning bandwidth
of 7.1% using electronic means, The effect of slot
perturbations on the DR resonant frequency and quality-
factor are reported im this paper. Variations in the
performance of the slotted resonator are characterized and
the results from a number of tuning experiments are
discussed. The incorporation of the new tuning techmique
into practical circuits such as filters have shown good
performance for a compact design. This technique may also
be used for the electronic tuning of oscillators.
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1. INTRODUCTION

Dielectric resonators are commonly used in oscillator
and filter applications, Their low cost, compact size and
performance make them eminently useful in microwave
applications. As the demand for communications. grows
worldwide, and with the advent of third generation mobile
personal communication devices which will operate at
microwave frequency band, there is a growing demand for
suitable high specification microwave components and
subsystems for ‘such communication systems. In
particular, there exists a need for fast (in excess of
GHz/ps) tunable DRs providing a relatively large tuning
bandwidth, for application in nex! generation re-
configurable systems. A number of different techniques
bave been devised in the past to bring this about [1]-[2]. In
the main tuning has been carried out via devices and/or a
mechanism external to the DR. Existing electronic tuning
techniques provide tuning bandwidth limited to about
0.75% [1}-[2]. A new and recent tuning technique using
piezoelectric transducer (PET) has shown to provide a
tuning bandwidth of 3.7% at 11,78 GHz [3].
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This paper explores and evaluates the proposed novel
invasive tuning technique. The invasive tuning technique
differs from the conventional known techniques in that
there is direct coupling between the electronic tuning
element such as varactor diode, and the electric field of
the slotted DR. The degree of this coupling is governed by
the DR slot size and/or the type of varactor diode
employed in order for the tuning technique to be viable.
The slot size that is machined into the DR is dependent on
the varactor fype used and must be large enough to
accommodate the varactor diode. It is shown that the
choice of a suitable varactor diode plays an important role
in the circuit performance. Varactor diodes of the LID and
pill-type are used in the circuitry evaluated here. The
invasive tuning technique is demonstrated to provide the
largest tuning range to date using clectronic means. The
invasive technique can achieve a tuning bandwidth of
7.1% centered at 4.47 GHz.

II. TUNING MECHANISM

Two types of varactor diodes were used in the
investigation; the Marconi DCA4373B LID and the
Microwave Associates pill-type series M1-4500. The
latter are manufactured from GaAs and are from a family
of abrupt junction devices featuring quality factors in
excess of 4000, This series is specifically designed for
broadband high-Q tuning performance from VHF to 40
GHz. Typical applications are solid-state tuning of VCOs
using transistors, Gunn diodes or IMPATT diodes, as well
as voltage tunable filter and amplifier circuits. The
varactor diodes depletion layer capacitance is given by
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Where C,, is the junction capacitance without bias, V'
the tuning voltage, ¥, the contact potential and y a
function of the doping profile. For varactor diodes with
abrupt doping profiles y is equal to 0.5. The varactor

packages used are shown in Figure 1 together with the
design of the varactor diode holder.
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Figure I. Varactor packages and holder layout

111. MEASUREMENT OF A DR WITH A SLOT

The following outlines the procedure for assessing a
slotted DR, shown in Figure 2 and diagrammatically in
Figure 3. The slotted DRs are assessed against an
unslotted DR of the same type in terms of resonant
frequency, insertion loss and 3 dB bandwidth.
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DR with axial slot

Figure 2. Perspective view of slotted DR

Slot dimensions

Slot width | Slot depth
w (mm) d (mm)
1.5 25
20 » 2.0
2.5 1.5
3.0 2.5
4.0 3.0

Figure 3. Slot dimensions

52

The slot dimensions are shown in the table in Figure 3
and the measured results in Table 1. The DR was
manufactured by MURATA (DRD117MC056, & = 5.16
mm, r= 5.84 mm).

Table 1 Measured Results

Width Depthof | Resonant Bandwidth Insertion Unloaded
of slot w stotd frequency {MHz) loss (dB) Q-factor
(mm (mm) (GHz)

0 [i] 6.299940 2.151 27.50 2810
1.5 2.5 6.405930 2.113 32.10 2958
20 2.0 6.386800 2.020 29.60 3060
2.5 1.5 6.353700 2.116 30.40 2915
3.0 2.5 6.444476 2,180 30.71 2873
4.0 3.0 6.531100 2.204 30.70 2879

IV. ANALYTICAL ANALYSIS OF THE DR STRUCTURE

The analytical techniques developed by Cohn [4] and
ltoh [5] were used in the analysis of the coupling between
the DR and a microstrip. A computer program was
developed in order to calcuiate the resonant frequency of a
DR in a cavity. The accuracy of the theoretical results was
then correlated with measured.

A dielectric substrate with £ = 2.33 and 2 = 0.7874 mm
was used inside the cavity., The cavity height was
adjustable by a metal plunger. Microstrip arc patterns
were used to couple the electromagnetic energy into and
cut of the resonator structure. The resonant frequency in
the TEq, 5 mode is selected in a simitar way to that with the
parallel plate method. Figures 4 and 5 show the change of
resonant frequency for varying gap width g between the
top of the DR and the plunger in the cavity (see Figure 6),
the plunger representing the top of the cavity. The tuning
range measured with the DR placed directly on the
substrate is = 12.0%. When the DR is supported on a
dielectric spacer (5=6.4) the tuning range is also = 11.0%.

58 : :

T\ - *ﬂ—_tl{eorélical
~ 56 \ +o— measured
N +!

x
5 N
o 5.4 \
2
£ 52
g i
i
3 5 -l !
48
0 1 2 3 4 5
gap width g (mm)

Figure 4. Resonant frequency variation without spacer
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Figure 5. Resonant ﬁ‘equehcy variation with 2.5mm
spacer (&, = 6.4)

V. PRACTICAL DESIGN

The tuning experiments were carried out on slotted
DRs within the test cavity. Access to the slotted DR
structure and hence filter is achieved via the base of the
cavity as shown in Figure 6. Thin wires of length A/4 at
the nominal resonance frequency of the structure are
passed through | mm diameter holes to the varactor
carrier. The anode of the varactor is connected to the filter
base and is therefore grounded. The cathode is connected
via a InF feed-through capacitor to prevent any
microwave signal reaching the varactor dc control voltage
supply. The varactor carrier sides are metallized to ensure
that the perturbed field appears uniformly at the sides of
the slot. This field is then displaced in synchronism by
varying the varactor control voltage, and hence varactor
capacitance. .
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Figure 6. Slotted DR tuning arrangement in cavity
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VI MEASURED RESULTS

The slotted DRs referred to above were embedded
inside the test cavity and the variations of resonant
frequency, 3 dB bandwidth and insertion loss measured.
The varactor control voltage was kept below the minimum
breakdown voltage of 30V. Figures 7(a) to 8(c) are
samples of the resulis obtained and are self explanatory. In
general these results indicate an increase in resonant
frequency, a decline in 3dB bandwidth, and decline in
change in associated insertion loss with an increase of
varactor reverse bias voltage. Frequency tuning of 317.5
MHz with a slot width of 2 mm and depth of Z mm has
been obtained for an MA-ML4514 varactor, which is
tuned from 0 to 25V. At a center frequency of 4.47 GHz
this amounts to 7.1%.
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Figure 7(a). Change in resonant frequency for two different
varactor types as a function of varactor reverse bias voltage
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Figure 7(b). Change in associated bandwidth as a function of
varactor reverse bias voltage
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Figure 7(c). Change in associated insertion loss as
Junction of varactor reverse bias voltage

4.9 I [ T z 1
4.85 —0 d R —
N 48 /
T 7 —
Q 475 S
g
2 47 = MA-ML45%2
E 4.65 — T NMAMAS5 1
§ ‘4.6 '/%
& 455
e 7
45 DR gap: 2.5mm widés, .bmn{i desp
445 -
0 5 10 15 20 25

varactor voltage (V)

Figure 8(a). Change in resonant frequency of two MA-ML4500
series varactor diodes fypes as a function of varactor reverse
bias voltage
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‘Figure 8(b). Change in associated bandwidth types as a function
of varactor reverse bias voltage
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Figure 8(c). Change in associated insertion loss types as
a function of varactor reverse bias voltage

VII. CONCLUSIONS

It has been demonstrated that a relatively small
rectangular shaped slot cut in a dielectric resonator does
not adversely affect its performance in terms of resonant
frequency and quality factor. The DRs resonant frequency
can be perturbed by inserting a tuning mechanism in the
form of a varactor diode within the slot. This invasive
electronic tuning technique produces a substantial tuning
range of 7.1% centered at 4.47 GHz. The varactor diode
placed into the slot degrades the DRs quality-factor, which
depends on slot size, varactor junction capacitance and
quality factor of the varactor carrier. Performance can be
improved at the expense of the tuning range by connecting
a capacitor in series with the varactor. This has also a
beneficial effect when designing filters based on invasive
tuning.

REFERENCES

[1] Farr, A.N., Blackie, G.N., Williams, D., “Novel
Technique for Tuning of Dielectric Rescnators,” Proc.
13t European Microwave Conference, Germany,
1983, pp.791-796. :

Popovic, N., “Novel Method of DRO Frequency
Tuning with Varactor Diode,” Electronics Letters,
vol 26, No.15, 19" July 1990, p.1162.

Yun, T.Y., Chang, K., “Piezoclectric Transducer-
Controlled Tunable Microwave Circits,” TEEE Trans.
on Microwave theory & Tech., vol.50, No.5, May
2002, pp.1303-1310.

Cohn, 8., “Microwave Band-pass Filters containing
High-Q Resonators,” IEEE Trans, on Microwave
theory & Tech., vol.16, No.4, April 1968, pp.218-227.
Itoh, R., Rudokas, R., “New Method for Computing the
Resonant Frequencies od Dielectric Resonators,” IEEE
Trans. on Microwave theory & Tech., vol.25, January
1977, pp.52-54.

[2]

(3]

(4]

(5]



	MTT025
	Return to Contents


