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ABSTRACT
In this study the electroceramics based on Ca(Nb2/3Li1/3)xTi1−xO3-δ, for x between 0 and 1, were prepared by the traditional solid state method. DRA in cylindrical shape with probe-feed cylindrical were investigated. The dielectric permittivity and loss of the CNLTOX alloy were analyzed in the region of 2 to 4.5 GHz. The frequency response around the first mode (HEM11δ) was determined by the HFSS (High Frequency Structure Simulator) program and these results were compared to the experimental setup. In this procedure, significant parameters of the DR were obtained. The experimental and theoretical characteristics of the resonator (return loss, bandwidth and input impedance) are in good agreement. These measurements confirm the possible use of such material as small dielectric resonators.
Keywords: ceramic matrix alloys, dielectric permittivity, and return loss.
INTRODUCTION

The rapid growth of the wireless communication industry has created a high demand for the development of small size, low power loss, and temperature stable microwave components(1-8). In conventional metallic resonators, the conductive loss increases as frequency increases, diminishing its radiation efficiency(9). 
The dielectric resonator (DR) presents high radiation efficiency, since there is a little or any loss due the presence of metals. The use of DRs, beyond the microwave band and up to the millimeter-wave region(8-11), is  under study in the literature  for applications in  microwave electronics. If the DR is placed in an open environment, power is lost in the radiated fields, and in this moment, it is called Dielectric Resonator Antenna (DRA). 
DRA could be designed with different shapes and be excited with different feeding methods such as probes (6).  The change of position between the DR and the excitation probe, may significantly affect the resonator performance. It happens not only because of the possible change in resonant frequency, but also because of the change in the coupling factor between the resonator and the excitation probe(9). 

This paper reports the study of cylindrical DRA based on the substitution of titanium in Calcium Titanate (CTO) by (Nb2/3Li1/3). This paper studies the behavior of a small substitution in CaTi1−x(Nb1/2Li1/2)xO3, abbreviated as CNLTOX from x = 0 until x = 0.2 in the 2–4 GHz frequency range (E  and F microwave bands). The DR is excited by a coaxial probe placed at different positions to achieve the position with less air gap between the DR and the ground plane. 

MATERIALS AND METHODS 
Oxides and carbonates were weighed according to the compositions of each sample. The mixtures were high-energy ball milling during 4h using a high energy planetary ball mill (Fritsch Pulverisette 6). The rotation speed of the disks carrying the sealed vials was 370 rpm. The milled powders were dried and then calcinated at 900°C for 5h. The calcinated powders were mixed with an appropriate amount of Glycerine (5 wt.%) as a binder and pressed into cylindrical disks of diameter 15 mm and height about 7.5 mm at a pressure of 1.5 ton/cm2. These pellets were preheated at 600oC for 1h to expel the binder and then sintered at temperature of 1000oC during 3 hours.

Resonator Configuration
The resonator consist of the cylindrical disc of the dielectric based on CNFTO placed above a conducting ground plane (35.5 cm x 30 cm x 2.14 mm), and excited by a coaxial probe, as shown in Fig. 1. 
The HEM11δ mode is the fundamental mode of the dielectric cylinder. It radiates like a horizontal magnetic dipole, exhibiting broadside radiation patterns, low cross-polarization and the largest possible bandwidth (lowest radiation Q-factor) for the cylindrical geometry(12). 

The lateral of the cylindrical DR is placed against a coaxial probe, which excites the HEM11δ mode. The DR is placed above a conducting ground plane, and excited by a coaxial probe. The coaxial probe goes through the ground plane and is connected to a SubMiniature version A (SMA) connector. In Fig. 1(a), the DR has radius a, height h and dielectric permittivity k. The probe is located on x axis at x = a  and φ = 0. 
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Fig. 1 - The geometry of the cylindrical DR.  
Using the Conventional Dielectric Wave-guide Model (CDWM) and the dielectric-air boundaries are considered as Perfect Magnetic Conductors (PMC), the resonant frequency of HE11( can be approximated by Equation (A)(13):
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Equation (A) is obtained with the hypothesis that the lateral and upper surface of the DR are Perfectly Magnetic Conductors (PMC). Because this assumption is verified only for infinite permittivity, in (1) is only an approximation that leads to errors around 10 % (see table  2).

The equation for resonant frequency for HE11δ mode can be approximated by extensive numerical simulations and curve fittings(10,14) by equation (B):


[image: image5.wmf]÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

+

+

+

=

2

2

02

.

0

2

36

.

0

27

.

0

2

2

324

.

6

L

a

L

a

k

a

c

f

p

.                                  (B)
Using a curve fitting procedure on numerical experiments based on Method of Moments, (B) has been proposed in(10) for k = 38, and has been generalized in (14). It is important to note that both experimental and simulation results show a great variability of the results according to the DR distance to the probe(14). This problem have its origin in the presence of an air gap between the DR and the metallic conductors. To illustrate the effect, we define in Fig. 1 two parameters associated to the air gap e1 between the dielectric and the probe, and e2 between the dielectric and the ground plane.

S parameter

Because of the structure highly resonant of the DRA, the input impedance Z = R + jX at the feeder port presents a frequency response due to the resonant response of each mode. Neglecting the overlap between the first and second mode, at the resonant frequency f0, the resistance R shows a maximum and the reactance X is null. It must be stressed that the derivation of resonant frequencies from the minimum of the return loss parameter S11 is not direct. The return loss S11 is related to Z by 
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where Rc is the characteristic impedance of the feeder. Equation (C) shows clearly that S11 depends on Rc: using an Rc = 50Ω feeder, it will be seen that the power transmission to the resonator is high (S11 (0) at the resonant frequency of the DR.

Numerical simulation

The objective of this study is also a numerical validation of the experimental measurements, shown in Fig 1. The frequency response around the first mode (HEM11δ) is determined by the HFSS and the result is compared to the experimental setup. In this procedure, important parameters of the DR was obtained, such as: return loss, input impedance and resonator bandwidth. In the numerical study we calculate the S parameters using a 3D distribution of the fields inside the passive structures. It is based on a Finite Element Method (FEM), dividing the model in a great number of small regions. 
RESULTS AND DISCUSSIONS
This section presents the results of operation of the studied samples. Each sample is excited by a coaxial probe at the reﬂection port of HP8716ET network analyzer. 

In Fig. 2 we shows the experimental Return Loss (RL) of the cylindrical DRA constructed from the dielectrics CNLTOX and the numerical fitting using HFSS. For each sample, the frequency response around the first mode (HEM11δ) is determined by the HFSS and compared to the experimental results. 
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Fig. 2 - Experimental and calculated Return loss (RL) for CNLTOX DRs. 
For each DRA, several return losses and input resistance measurements were obtained. The result with lower resonance frequency is adopted as the real operation of the produced DRA. The CNLTO2 presents the lowest resonant frequency and bandwidth due its higher permittivity. There is a shift in frequency when increase the amount niobium and lithium in solid solution.
The frequency for which the return loss —S11— is minimum. Each of them are showed in Table 1 and compared with calculated values. In Table 1, we also have the dielectric permittivity obtained from the DRA operation. The CNLTO1 sample presents k = 34.246 (at 2.706 GHz). For higher amounts of titanium substitution, the permittivity decreases. The CNLTO9 presents a permittivity of 11.491 (at 4.170 GHz).
Table 1 – Simulation Parameters.
	Sample 
	a (mm) 
	h (mm) 
	a:h 
	k 
	HEM11δ (GHz)
	e1 
	e2 

	CNLTO1 
	8.697
	8.673
	1.002
	34.246
	2.706
	40
	50

	CNLTO2 
	8.159
	8.120
	1.004
	46.400
	2.605
	140
	93

	CNLTO3
	8.207
	8.234
	0.997
	37.340
	2.943
	140
	93

	CNLTO4
	8.189
	8.098
	1.011
	33.678
	3.116
	140
	108

	CNLTO5
	8.716
	8.789
	0.991
	22.641
	3.310
	92
	52

	CNLTO6
	8.641
	8.607
	1.004
	18.496
	3.581
	80
	80

	CNLTO9
	8.867
	8.780
	1.009
	11.491
	4.154
	60
	35




Fig. 3 shows simulated and experimental frequency response of input resistance and impedance of the proposed series, using parameters shown in Table 1. According to these results, input impedance becomes more inductive with permittivity increasing. The CNLTO2 sample shows the most inductive behavior (highest permittivity), while the CNLTO9 presents the least inductive behavior (lowest permittivity). For all samples, at the resonant frequency f0, the resistance R is maximum and the reactance X is null. 
The input impedance for the dielectric resonators shows a good agreement between simulation and experimental data. In the numerical study, the increase of the air gaps leads to a frequency shift upward and a decrease of the resistance at resonance.
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Fig. 3 – CNLTOX Experimental and calculated (a) Resistance (R) and b) Reactance. 

The input impedance bandwidth is shown in Table 2. The agreement between the experimental and the theoretical value are lower than 10% of bandwidth. Table 2 also indicates the lowest values of RL and bandwidth for DRAs. The return loss of the series were -48 dB, -41dB, -33 dB, -31dB, -30 dB, -32 dB, and -24 dB for CNLTO1, CNLTO2, CNLTO3, CNLTO4, CNLTO5, CNLTO6 and CNLTO9, respectively. The resistance R of the first resonant frequency of each DR is also indicated in Table 2 and Fig. 3.
Table 2 – Experimental and calculated resonant frequencies, input impedances and 10dB bandwidth of the DRAs for the first mode HEM11δ
	Sample
	Resonant frequency (GHz)
	Input Resistance at Resonance ((()
	Bandwidth (10 dB - MHz)

	
	Measured
	Calculated
	Measured
	Calculated
	Measured
	Calculated
	Error (%)

	CNLTO1
	2.706
	2.706
	67.012
	51.288
	71.183
	70.167
	2.59

	CNLTO2
	2.606
	2.605
	51.026
	45.176
	42.643
	42.204
	1.62

	CNLTO3
	2.947
	2.943
	55.041
	46.981
	74.640
	80.532
	2.74

	CNLTO4
	3.114
	3.116
	59.506
	47.213
	90.782
	89.234
	2.86

	CNLTO6
	3.572
	3.581
	69.294
	49.115
	151.732
	171.367
	4.78

	CNLTO9
	4.170
	4.154
	56.704
	56.704
	310.005
	312.610
	7.53


CONCLUSION 
In this paper a new electroceramic alloy Ca(Nb2/3Li1/3)xTi1−xO3 ( CNLTOX for x between 0.1 and 0.9) were investigated  in the microwave (MW)  frequency range. Experimental and theoretical characteristics of the resonator (return loss, bandwidth and input impedance) were in good agreement. The numerical study was done, taking into account the air gaps between the dielectric resonator and the metallic conductors. These measurements confirm the possible use of such material for small dielectric resonator antenna.
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