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Measurements of the microwave dielectric properties of B8y, »,/3Ti1g054 Solid solutions
revealed the existence of a broad maximum in the temperature dependence of the permittivity as
well as the dielectric loss. Submillimeter-wave frequency measurements confirmed the intrinsic
origin of the observed anomaly, which could possibly be ascribed to phase transition with unknown
nature in the Bg ,Smy ., »,/3Ti1g0s4 SOlid solution. The temperature of the anomaly, which is in the
range of 90-120 °C, depends on composition of B&ng, »,/3Ti118054 and decreases with an
increase inx. © 2000 American Institute of Physid$S0003-6951(00)02737-6]

One of the most important trends in wireless technologyin addition, the dielectric losses vary systematically over the
is the miniaturization of electronic systems. To achieve thissolid-solubility region. Consistently, the quality facté®
ceramic components such as oscillating or filtering devicesalue), which is the inverse of the dielectric loss (&pnis
must be manufactured from high-permittivity materials. Atlow for low-x values and increases asncreases. Interest-
present, the only commercially available group of high-ingly, theQ value has a maximum at the highend member
permittivity microwave materials are ceramics based on théor the Nd and Pr system§put in the case of the Sm sys-
Bag_yLNg2y3Ti1g0s4 (Ln=La—Gd solid solutions with tem, the maximunQ value is reached at approximatety
permittivities ranging from 75 to 90. This makes them tech-=1.83* The Eu analogue shows the high&3tf values
nologically very important and has triggered extensive re{14 000 GHz), and with increasing rare-earth ionic size, the
search into the chemical and physical phenomena associat€ll f values decrease and reach values around 2300 GHz for
with these materials. the La analogue. Clearly, the trend is violated by Gd which,

The crystal structure of Baz,Lng, 2, Ti1g0s4 solid so-  although smaller than Eu, exhibits a very l&v f value of
lutions includes elements of the tungsten—bronze structurgos0 GHz~’
with channels extending in the short-axis direction. The samples for the dielectric property measurements
Corner-sharing Ti@ octahedra form a network with three were prepared from reagent-grade BaC®m,0,; and
types of channels: pentagonal, rhombic, and triangular. RarefiO,. The starting reagents were mixed in the appropriate
earth ions occupy the rhombic channels, Ba ions completelyatios and homogenized by ball milling. The mixture was
fill the pentagonal channe{for x<2/3), while the remaining  dried and prereacted at 1150—1200 °C for 2—3 h to achieve
Ba ions share the rhombic channels. The triangular channelgquilibrium. Prereacted samples were powdered, pressed into
are empty. The extension of the homogeneity region dethe pellets and sintered at 1330-1380°C for 2—3 h. The
creases with the ionic size of the rare earth and for the Smjelectric constante) and dielectric loss (ta#) of the mate-
analogue is restricted to 0.9«2.13* rials were measured at10 GHz using a modification of the

Decades of investigations of the dielectric properties ofgielectric resonator method on appropriate disk samples,
Bag_xLNg. 2x3T1160s4 solid solutions have revealed their which resided in the isolated waveguide section. The dielec-
close correlation with the nature of the rare-earth ions. Theric constant was calculated from the model of the dielectric
permittivity is the highest for the La analogue'(=93 for  core with “magnetic walls.”® The dielectric losses of the
x=1.5) and decreases with decreasing polarizability of thematerials were estimated from the frequency dependence of
rare-earth ions from La to Gdw(=76 for x=1.5)° The  the transfer constant in the vicinity of the resonant
permittivity also varies as a function of compositiéR)  frequency? Submillimeter-wave frequency measurements
within each rare-earth’s solid-solubility region, where it de-\yere carried out using a backward-wave tube by measuring
creases with increasing rare-earth concentratinoreasing the optical-path length and absorptie#) in a parallel-plate
x) as a result of a decrease in the total dielectricceramic sample coated with a quarter-wavelength antireflect-
polarizability? The temperature coefficient of resonance fre-ing coating™
quency (r) is highly positive for the La analogue but de- \jicrowave dielectric property measurements  of
creases with decreasing size of the rare-earth ions angle gielectric resonators, based on single-phase
reaches negative values for Sm, Eu, and Gd analogues. I, sm.Ti, O, (x=1.5), revealed a broad, diffuse mini-
side each solid-solubility regiony decreases asincreases. mum in the temperature dependence of the resonant fre-
quency, occurring at a temperature .00 °C. This mini-
2Electronic mail: matjaz.valant@ijs.si mum is related to the existence of a broad maximum in the
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FIG. 1. Temperature dependence of permittivity, resonance frequency, and 4/
dielectric  losses of the ceramic disk with composition
Bag— Sy 53T 116054 (X= 1.5). 5
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temperature dependence of the permittivity and dielectric
losses(Fig. 1). Previous studies of the same system havéé'G- 2. dT?mPe_ra“”z _d?piﬂdencet°fr§/;’50rp“°” fj‘”?'g‘;‘;‘séﬁd)atl;i“
Z and Imagina lelectric constal measured al . a),
never reported such a phenomenon, but rather assumedegZ ®), aﬂd ?’80 GHz (c) of the sample with composition
linear dependenck!'~*® The only study indicating an Ba,  Sm, sTi;eOss (x=1.5).
anomaly in the temperature dependence of permittivity is the
14 .. .

study of Butkoet al." where they observe a minimum in the e gecrease i value observed for the compositions with
temperature dependence of the resonant frequency. A5|m|I§(r>l_8 which within the family of Ba_
behavior of the temperature dependence of the resonant fr ' .
quency was described by Nishigakt all® for the 0.15
(Bag 95515 150-0.15Sm05-0.7TiO, system, which is no
longer thought to belong to the Ba,Smg 5,/3Ti1g054 ho-
mogeneity region. Temperature [°C]

Because of the very faint and diffuse nature of the ob- 0 s 100 150 200
served anomalies, additional measurements were performe 771

A ! net -. [ t ‘ 0.002
at submillimeter-wave frequencies to eliminate any possibil- 7745 | C x=2.0 _|
ity of their appearance being related to the extrinsic proper- .. | 1000

LNg 25/3Ti16054
€olid solutions occurs only for the Sm analogtfeSince,

with an increase irx, the temperature region where the di-
electric loss maximum is observed approaches room tem-

ties of the ceramic sample. The temperature dependence c:*; 16.05 V\\A Lo.00t6
the absorption factofa) and dielectric lossese(), which g 7'69 \\ 3 g
were measured in the frequency range from 96.7 to 180 GHzg ! M,,.;{ [ o.0o14
again exhibited a similar anomaly at approximately the same "*% /Mf N R [P
temperature as in the microwave frequency redieig. 2). 768 1 o ?
This confirms the assumption of the unknown phase transi- 76.7s *————— Phase trans.? - 0.001
tion, which for the Sm analogue witlk=1.5 occurs at 885 2 [ 0.0
~100°C. 88 v O\Q T — 004
By analogy with the ferroelectric and antiferroelectric £ s7s Vnﬂo{ ‘ { 005
solid solutions, it is expected that the temperature of the% 87 {— 4 » R T
permittivity maximum will be sensitive to the composition 5 s #Aﬁ ; O\A 1002 §
on the Bg_ Sy »,/3Ti1180s4 SoOlid solution. Indeed, detailed ol V:Q\Y\ 1 001
microwave measurements of the samples with compositior ., Fhage wane.? m,,\; 0
x=1.0, 1.5, and 2.0, showed that by increasinthe tem- 0 50 100 150 200 250

perature of the permittivity maximum decreases frerh20
to ~100°C and, finally, to~90 °C (Fig. 3; for x=1.5, see
Fig_ 1). Accordingly, the maximum in the dielectric losses FIG. 3. Temperature dependence of permittivity and dielectric losses of the

A ; e ceramic disk with composition Ba,Sng, 5/3Ti160s4 and x=1.0 and 2.0
th_at_appears correlated to th_e permittivity maximum, Shlftsmeasured at-10 GHz(for x=1.5, see Fig. 1). Dielectric losses Bt 100
within the same temperature interval. and 110 °C are for th&=1.0 sample, too high to be measured by the
The existence of the observed anomaly can also explaitielectric resonator method.
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