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Final accomplishments:

In this work the magnetic and dielectric properties of ceramic-ceramic and ceramic-
polymer composites with BiNbOy4, SrBi,Nb,Oy (SBN), BaBisTi40,5 (BBT),
NayNb4sO11(NNO), Sr,CoNbOg (SCN) and ferrites BaFe ;019 and Y3FesOp; (YIG) was
studied for RF and microwave applications. New configurations of magneto-dielectric
composites and blends structures for high frequency applications was done. The 0-3
type dielectric and magnetic composites with homogenously distributed ceramic
inclusions was fabricated in a polymer matrix. Magnetic Yttrium Iron Garnet (YIG) and
(SBN) powders were used to enhance the permittivity and permeability of the
composites. This group of dielectric and magnetic phases was studied in the RF and
microwave region. The microstructure, high frequency dielectric and magnetic
properties of individual layers and 2-2 composites was investigated and measured.

A new method for the measurement of the temperature coefficient of resonant frequency
(T9), 1s presented. The traditional method (based on the Courtney method) present some
limitations of measuring the values of 17, for samples with high dielectric loss due to their
inability to observe clearly the TE(;; mode. The new experimental setup, to measure the t¢
value, is based on the variation of the temperature of the dominant mode of a dielectric
resonator antenna (DRA).

The study of the thermal stability of magneto-dielectric composites is important for
applications at the microwave band and in the millimeter and near millimeter region (100-
300GHz) where the thermal stability of the resonators is fundamental.

In this project we are investigating experimentally and numerically this new method to
measure the thermal stability of layered dielectric and magnetic composite structures for
RF and Microwave Applications .

In the area of communication is important that the devices, responsible for
transmitting/receiving data have its characteristics preserved in whatever temperature
environment they are submitted. This new method for the measurement of the temperature
coefficient of resonant frequency (t¢), is presented. The traditional Courtney method,
present some limitations of measuring the values of 1, for samples with high dielectric loss
due to their inability to observe clearly the TEO11 mode. The new experimental setup
(figure below), to measure the t¢ value, is based on the variation of the temperature of the
dominant mode of a dielectric resonator antenna.
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To use this new method a group of traditional materials were used to compare the
traditional and new method

TABLE I TEy s HE; 5 & TMy,; modes and dielectric parameters of CTO,
Al and BTNO dielecincs.

CaTi0O, Al O, BTNO
a (mm} TAR 12.70 731
h (mim) 504 12.70 1.38
afmum i rm ) 0.93 l (.90
Ep 0225 9.0 63.68
tan § 5811070 1lx10™* s6lx1070
Jmonopate (GHZ) measured 1.58% 3089 2439
Tueiis (GHz) calculated 1.837 3.147 2328
freois (GHz) calculated 1.830 3.201 2 288
JFravois (GHz) calculated 2.695 4527 3.357

Used samples in the measurements

The comparative between the two systems for measurement of t¢ values, show excellent
agreement, as observed in Figure 4. In the Courtney procedure the obtained value is 621.10
ppm/°C and compares to 624.32 ppm/°C obtained in the DRA procedure. Both
measurements exhibit the same linearity and angular coefficient (see Tablell and Figure4).



The frequency evolution of the HE; ;4 mode with increasing temperature for DRA
procedure is showed in Figure 5, where the HE |4 mode is isolated and well defined. The
decrease in the return loss (in modulus) is associated to impedance matching variation due
to volumetric expansion and the change in value of dielectric permittivity the DRA with
temperature. The measurement of t¢ for the BTNO phase was not reported in the literature.
We believe that the reason is the high dielectric loss, which almost do not allows to use the
Courtney method. In this case, the resonances are too broad. Considering the Courtney
geometry, the quality factor for TE(;; mode is low, leading to a broad band. The monitoring
of the resonant frequency shift with temperature is quite difficult with the enlargement of
this band and a very poor mode visualization, see Figure?7.

In the present proposed new method, the measurement of the t¢ for BTNO is quite
satisfactory. The HE 14 mode is quite strong and well defined . The value of t¢=-104.19
ppm/°C (Table IT) was obtained for the first time. The linearity for frequency shift with
temperature increase is showed in Figure 9, where a good linear agreement of the frequency
with temperature was obtained.
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TABLE 1. Measurements of 1; of CTO, AlyO,, and BTNO from Courtney and DRA methods.

Method
Courtney methed Dielectric resonator antenna
Corami 1 (ppm°C™") Ertor (%) AfAT (Angular coefficient) t;(ppm°C™") Error (%) AfIAT (Angular coefficient)
ETAMIC
CaTi0, 62116 (108 112x107 624.32 (.08 LI8x 107
ALy =47.38 0.015 =247x 107 =40 0.035 -L37x 107
BTNO — - - =104.19 0.021 =254 x 107

In conclusion a new experimental configuration to measure the temperature coefficient of
resonant frequency (7y) in dielectric resonators was presented. The new experimental setup,
to measure the 1¢ value, is based on the frequency variation with the temperature of the
HE; ;4 mode of a DRA. The method is quite compatible with the measurement of t¢of the
Courtney method. The obtained results by measuring the t¢value of CTO and AlOs, in this
proposed method, is presenting excellent agreement when compared to the traditional
Courtney method. The dielectric loss is less affected in this method and this is the most
important advantage that was obtained. In the tests, the tr of the sample with higher loss (

>107) was obtained. In this case, the T value for the BTNO resonator was -104.19 ppm°C

"' The analysis of the temperature coefficient of resonant frequency (tr) in dielectric



resonators is an important property for the development of high frequency electronic
devices, considering that this is a fundamental parameter, for the production of new

components like filters, oscillators and antennas, with high thermal stability.
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ELECTRICAL AND STRUCTURAL PROPERTIES STUDY OF LAYERED
DIELECTRIC AND MAGNETIC COMPOSITES AND BLENDS STRUCTURES FOR
RF AND MICROWAVE APPLICATIONS

A.S.B.Sombra, Federal University of Ceara — BRAZIL

The study of layered magneto-dielectric composites structures is important for
applications at higher frequencies where the use of metals is leading to higher loss. This
kind of component based in a new configuration and using a new group of magneto-
dielectric composites and blends is expected to present better bandwidth, low loss, high
impedance matching that will open the possibility to be used in radars, communication
devices, navigation equipments, and so on.

The use of special structures based in composites and blends is important for
components operating at high frequencies.

In this work the magnetic and dielectric properties of ceramic-ceramic and
ceramic-polymer composites with BiNbO,, SrBi,Nb,O, (SBN), BaBi,Ti,O,5 (BBT),
Na,Nb,0,,(NNO), Sr,CoNbO; (SCN), FeNbTiO4, BiFeO, , CaTi, x(Nb,,Fe,;)xO; and
ferrites BaFe,,0,,Ba,Co,Fe;,0,, (Co,Y) and Y;Fe;O,, (YIG) was studied for RF
and microwave applications.




The study of the thermal stability of magneto-dielectric composites is
important for applications at the microwave band and in the millimeter
and near millimeter region (100-300GHz) where the thermal stability of

the resonators is fundamental.

In this presentation we will discuss

--- A study in the structural and microwave properties of the alloy matrix of
CaTi x(Nb,,Fe,5)x0;

--- Ferrimagnetism and Ferroelectricity of the Composite
Matrix: SrBi,Nb,O4(SBN),-BaFe ,0,4(BFO)0_x

--- A new method to measure the microwave thermal stability coefficient 7; of
materials
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HIGH THERMAL STABILITY OF MICROWAVE DIELECTRIC
PROPERTIES OF CaTi, (Nb,,Fe,,) \O; CERAMICS

In this work, we studied and discussed the structural and microwave dielectric
properties of the B-site modified calcium titanate ceramics. The compounds were
prepared by a new procedure in the conventional solid-state method. They were
properly studied, using X-ray diffraction (XRD), Raman Scattering spectroscopy, and
microwave dielectric properties. Therefore, the refinement analysis of the XRD was

presented and discussed. -
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Figure 24 Schematic sketch of Courtney setup for measoring the dielectric constant under
end shorted condition (after Fef. [12])

Table 5. AMicrowave Dielecine Properties for samples ballmilled with ratio of
1 ball/g, calcinated at 900°C for 3 and 5h, and sintered at 1100°C, for 3h

Sample  Calination condition . (GHz] . () = f (GHz)
CNFTO go0°C f3h 4451 W42 6.4 x 103 L E
CNFTO1 Hﬂ!“f.',l"?lll. AL L) ] %= 103 LiGT. 56
CNFTO2 Hllh“f.',l";'ill. 450 X572 3= 103 15385 T
CNFT(2 9o0=C f5h 4365 b 4 = 103 sl

Table 6. Microwave Dielectric Properties for samples calcinated at ®00=C {for
Sh), and sintered at 1100°C (for 3h).

Gample  Balls/Mass ratio  f. (GHz) 2 . (= f (GHz)
CNFTO1 1hall/g 3619 5800 30x1077 106756
CNFTO1 2 dballs/g 2937 7RIl 15x 103 179459
CNFT(2 1hall /g 1365  3RET  40x 100 97981
CNFT( 2 Aballs/g 3435 5605 9.4x 1073 458,61

. 1L OCEM




BO -
The temperaiure coefficient of resonant frequency (1 -0 |
measures, the vanation of the resonance frequency of the
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Table 7. AMicrowave Dielectric Properties for samples ball-milled with ratio

of 2.4 balls/g. calcinated at 900°C (for 5h) and sintered 1100°C, for 3h. -

Fig. 4. Dieleciric permittivity of CNFTOX (0 < x < 1) for
Sample I (GHz) E, Tph Ty (ppm/=C) Q = f({GHz) ball milked samphes with ballfmass matio of 2.4, calcinated at
G00°C [for 5h), and sintered at 11007 {for 3 k).

CTO 2650 10133 21 = 10-% 122900 1266.19
CNFTOL 2087 7811 2.3 x 10-3 S18.676 127565 500
CNFTO2 3435 5605 9.4 x 10-3 472 08T 36543 -
CNFTO3 3064 4066 55 = 103 64 615 73073
CNFTO4 4335 3416 5.1 = 103 412.154 £50.00 400
CNFTOS 4889 9652 48 x 103 58_4TH 101792 _ \
CNFTO6  4.631 WIS 42 x 10-2 2 866 115024 2 ‘.\
CNFTOT 5280 2 60 36=10~° 2 —32574 146694 & 2o i
CNFTOS  5.381 62 A46x10-F  —a4.744 1169.78 ¥ .,
CNFTOS  5.971 2218 10x=10-*  —TL31K 57710 = k.
CNFO 5733 0 2198 48x 10 —882m 1142 2% 0 T
L-.“—n—’—'
=100
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Fig. 6. 7y of CENFTOX (0 < x < 1) ke ball milled sample
with ballfmass ratio of 24, calcinated at W0°C (for 5h), am
sintered ab 1000FC (for 3 k).




Results showed that the samples belong to the Pbnm spatial group.

The microwave dielectric properties of the Ca[(Fe,,,Nb,,),Ti;.,]O; for ball-milled
samples (with ratios of 1 and 2.4 balls/g), calcinated at 900°C (with different time

of exposure — 3 and 5 h), and sintered at 1100°C (for 3h) were investigated.
Dielectric permittivity values in the range of 20 to 80 were obtained.

Regarding the studied samples, the quality factor values increased with the
decrease of the titanium substitution in the region from x = 0.2 to 0.7. Considering
the increase of the x value (titanium substitution), we observe the decrease of the
temperature coefficient of resonant frequency (t;). The CNFTO has excellent
microwave properties at x = 0.6, with a temperature coefficient of resonant
frequency (1; ) almost zero (1; = 2.8 ppm/°C). At x = 0.7, the 1; values became

negative and Q.f decreases.



Ferrimagnetism and Ferroelectricity of the Composite
Matrix: SrBiszIOg\ (SBN)K-BRFEII{}]g(BFO)I“u_x

In this paper a smudy of the magnetic and drelectric prop-
erties of composites based on M-type barium hexaferrite
BFO (BaFe ;2(hg) and SBN (SrBiaNby(g) is presented.
The magneto-dieleciric mairix composite (SrBi:MNba(g),
({BaFe (e lioox- (X = 0,25 50,75 and 10 wits) were pre-
pared by a new procedure using the solid state reaction
method.

In this work, our main goal is to develop a dielectric material that is able to
respond to both electric and magnetic stimulus, i.e. that is ferroelectric and

ferromagnetic.

To do so, we use the Aurivillius ceramic SrBi,Nb,O4 and the Hexaferrite
BaFe,,0,o. Such a material could be applied in the same way that common
dielectrics (as dielectric resonator antennas, for example) but opening a

wide range of possibilities to make the application of ceramics to electronic
devices, memories and telecommunications more useful and powerful.

Biy 05 + NbyOy + SrC0; — SrBisNby(y + CO,

Bal() + 6Fes()s — BakFejs( s w
7, e ﬂ(:
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Table 1. Rietveld refinement parameters.

LU Sample SEN 100 BFO1M
- a (nm) 05515 05868
B bt} 0.5513 0_SR6R
C{nm) 2 5024 23106
1000+ ’ Density {g/em®) 7.293 5358
J__,_J SENI0 W olo me {ln:l,"\l 0. 761062 TS
0 =~ & R, 10.74% 3743%
3 R., 14. % 34.06%,
=
= 300+ Rog 11.6% 22.73%
g ]3 5 5 1.27 1.54
g | BFOS50
- “Jﬁuﬁwwvﬁa“ B S Tll}k: 1. Relative density of the samples obtained from the
0o i st W vy Archimedes method.
w Binder Sample Relativi Density
150+ BFO100 T 93_83%,
114 o | BFOTS T 83.00%
| TEOS BFOS0 T 91.88%
50 - { | | BRO100 BFO25 T £7.19%
0 | \'IJH#M%'I"WI'I ] SENIOOT 82 0%
T T BFO100 P 83 .00%
0 | i 30 BFOTS P 80.7T%
20(Degree) PVA RFOS0 P 23 .60%
Figure 1. X-Ray diffractograms for SEN100, BFOS0, BFO100 BFO2E P T8 11%
samples. SBNIDO P 67925
BFO100 G 66.04%,
BFO75 G 81.02%
Glycerin BFOS0 G 83.61%
BFO23 G #3329,
SEN100 G 80.30%
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-2 ] ‘ -f -3 0 2 Ay & 12
Weloity{mims:
Figure 4. Masshawer Spectrum for the BFO100 sample.

Table 3. Hyperfine parameters of the Masshaner measurements.

Sample Sltes Cosrrdimathom IS {mamw's) 05 {mmis) H,, (T} R, (%)
12k octahedral 0.351 0401 41.09 36%%
41 tetrahedral 0.334 0.097 49.00 1 8%

BFO100 402 octahedral 0.372 -0.0°9 3216 15%
2a octahedral 0.371 008 30.79 24%

2k trigoimal bipyramidal 0326 2310 4063 a%
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Figure 6. RF measurements of (a) Permittivity and (b) Loss
tangent for TEOS samples.

Table 4. Values of permittivity and loss in the RF range.

104y MIHz S0 M Hz 1 GHz
Samples

'y tand i tand i tand
BFO 1MG 1238 00072 1238 (u02 13,13 040
BFO 75 G 2307 00374 22B0 0023 2156 0032
BFO 50 G G975 0167 4871 0212 45340 0235
BFO 25 G 3612 0ueD4 36E4 0117 4181 0.202
SBNM 100G 3546 0048 3731 0246 4303 0428
BFO 100 P 1319 00061 1343 0036 1403 0050
BF( 75 P 7704 00484 TROI 068 9691 0117
BF( 50 P 3300 00BS4 3107 00217 3305 000052
BF( 25 P 4242 00015 4402 0174 2170 0308
SBN 100 F 2789 00037 2803 00027  2E90  0000KT
BFO 100 T E0d4  (OD3F RODS 0002 210 0003
BFO ST G668 00046 1048 0238 1433 0490
BFOSOT I0E94 0028 9144 0231 BE94 0282
BFO 25T 3535 00035 3647 0146 4216 0255
SEN 1T 3905 (D0Es 3919 00008 40.018 0006
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Figure 7. Magnetic hysteresis loops for (a) TEOS and (b) ®
' Figure 8. Electric hysteresis loops recorded at 1 Hz frequency for (a) SBN100T sample and (b) BFO25P, BFOSOP and

Glycerin samples.
" BFOT5P composites.
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Table 5. Magnetic Hysteresis parameters of the samples.

Samples Remanent Magnetizathon {(emu'g) Coercive Fleld (De) Satwration Magnetization (emalg) Maximum Fleld (Oe)

BFO 100 T 23198 IT44.4 3497 TasRl
BFOTST b0.o? 9328 2039 TaT6H.4
BFO &0 T 160 B3k 1730 7339
BFOXST 234 725 599 TiER
BFO 1040 P 2.3 1000 4 3133 T5TR
BFOX TSP 1584 L1 2734 T4lE4
BF( 50 P 273 G338 1813 Tald
BFOSH P £l o33 G468 TodE .6
BFO 100 19.99 Hal4 2890 TS
BFO 750G 11.56 Ri3 2624 7136
BFO 50 14.10 BaE 231 Tol0.4

BFO 2506 4.01 1474 733 BEEE.2




Conclusions

A complex behavior was observed for the loss tangent over the radio frequency
range, which means that less lossy samples could not help keeping this characteristic
over entire frequency range. The magnetic hysteresis loops showed that composite
samples preserve the ferrimagnetism for hexaferrite when SBN is added to the
composite, although they become less coercive. For electric hysteresis the density of
the samples are not high enough to define the true behavior of ferroelectricity in
composite samples.

For further works, the properties over microwave frequency range, thermal
influences on the dielectric properties will be investigated for possible applications
of the composite.
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A NEW METHOD FOR THE MEASUREMENT OF THE MICROWAVE
TEMPERATURE COEFFICIENT OF RESONANT FREQUENCY (tf).
A.S.B.Sombra, Federal University of Ceara — BRAZIL

The study of the thermal stability of

magneto-dielectric composites is

important for applications at the

microwave band and in the millimeter

and near millimeter region (100-

300GHz) where the thermal stability of

the resonators is fundamental.
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Objectives and Approach

A new method to measure the microwave
thermal stability coefficient ;
1 .
Tf = —_*E# 10°,

fi AT

TABLE L TEy s HE 15 € TMy; ;s modes and dielectric parameters of CTO,
AlsO;, and BTNO dielectncs.

CaTiO; Al O, BTNO
a (mm) 7.48 12.70 7.31
h (mm) 504 1270 T.38
ai mm )/ i) 093 1 R
- 9225 980 63.68
tan & S81x 1074 Lllx 107 Sselx1070
frnonopate (GHz) measured 1.888 3,089 2439
fue11s (GHz) calculated 1.837 3.147 2.328
frents (GHz) calenlated 1.830 3.201 2.288
fraons (GHz) calculated 2605 4527 3357

N

Used samples in the measurements
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FIG. 7. Measurement of transmission by the Courtney method for the BTNO

FlG. 9. Measurement of 1, for a DRA based on BTNO by the alternative resonator
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TABLE 1. Measurements of 1, of CT0, Al,0,, and BTNO from Couriney and DRA methods.

Method
Courtney method Dielectric resonator antenna
s 1 l,p]'l|n"f_'_'1 Error (%) ANAT (Angular coefficient) ty(ppm L Error (%) AfAT (Angular coefficient)
Ceramic
CaTi0, b21.16 (.108 1L72x 107 62432 (.08X 11§ x 1073
ALO, -47.38 (013 =247 x 10~ =44 20 0.033 -137x10™
BTNO — — — =1(4.19 0.021 =254 % 10

In this work a new experimental configuration to measure the temperature coefficient of
resonant frequency (t; ) in dielectric resonators was presented. The new experimental setup,
to measure the t; value, is based on the frequency variation with the temperature of the
HE11dmode of a DRA. The method is quite compatible with the measurement of t; of the
Courtney method. The obtained results by measuring the 1; value of CTO and Al203, in this
proposed method, is presenting excellent agreement when compared to the traditional
Courtney method. The dielectric loss is less affected in this method and this is the most
important advantage that was obtained. In the tests, the 1; of the sample with higher loss (

>10 -2) was obtained. In this case, the t; value for the BTNO resonator was -104.19 ppm. C 1.
The analysis of the temperature coefficient of resonant frequency (t; ) in dielectric resonators
is an important property for the development of high frequency electronic devices,
considering that this is a fundamental parameter, for the production of new components like
filters, oscillators and antennas, with high thermal stability.

M.A.S. Silva, T.S. M. Fernandes and A.S.B. Sombra

Journal of Applied Physics 112(7), 074106 (2012) (AIP) w
A\ Yo Yol - VB doi:10.1063/1.4755799 r&,,% .
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