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Abstract

The dielectric and microwave properties aj§azZn sNby;30;—(1— x)BaMg;sNb,303 (BMZN) mixture were investigated. The complex
perovskite-type ceramics Ba(ZsNb,3)Os (BZN) and Ba(Mg,sNby3)Os (BMN) have a high dielectric constant & 39 and 33, respectively),
but while BZN has a relative low firing temperature350°C), BMN has a too high sintering temperature (>1500to make it attractive in
some technological applications. Mixing these two dielectric ceramics in different proportions and adding some sintering agents (like glassy
B,0O; and LiF) the sintering temperature can be decreased, and XRD patterns indicates the formation of a solid solutigrvédtwesl
investigated. The dielectric properties are preserved or even improved for some specific combinations. FoxBNIZN (vithout any
dopants, the €Xactor is 76.7 THz fof = 7.6 GHz and the temperature coefficient of the resonant frequeigey-4 ppm/ C, which is the best
value for BMZN. These values make BMZN compounds suitable for microwave resonator applications.

We highlight in this paper that BMZN materials can be successfully sintered at low temperature (i.€),9dening opportunities to
manufacture base metal electrodes multilayer ceramic capacitors (BME-MLCC).
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction 961°C, Ag); and (i) to control the stability of the dielectric
compound in reductive atmosphefeto avoid the BME
Perovskite-type ceramics ABCare largely used in the  oxidation.
electronic industry. Among these materials, those of type  Regarding the sintering temperature diminution, the most
AB/3B,;03, are particularly attractive for various appli- common way to achieve this is the use of sintering aids. The
cations such as microwave frequency resonators, multilayermaterials tested on this purpose are the glasgysBom-
ceramic capacitors (MLCC) or different type of detectors pound and the lithium fluoride LiF. The literature is rich in
(thermal, pressure, vibration, radiation, etc.). These complex studies devoted to lower the sintering temperature using var-
perovskites are particularly studied because they oftenious additives (LiQ, LINO3, SiOp, MgO) 5.
exhibit very low dielectric losses. The hard competition BaMgi/3Nby;303 (BMN) is one of the perovskite-
between the companies involved in this field keeps indeedtype ceramic which has interesting properties =32,
scientific research in a very intense activity. One of the main s =33 ppm/C, @ =56 THz at 10 GHz) but because of its
goal from the industry point of view is to lower the cost of high Ts (>1500°C) 1 it is less used than BaZaNby/303
some electronic devices by replacing the expensive noble(BZN), which exhibits a loweiTs (1350°C) and similar di-
metal electrodes (Pt, Pd) by cheaper base metal electrodeglectric propertieseg =41, ts =30 ppm/C, & =54 THz at
(BME) (like Cu, Ni, Ag) 13 This substitution could be  10GHz)™.
possible if we succeed (i) to lower the sintering tempera-  This paper is devoted to investigate the dielectric and mi-
ture (Ts) below the melting point of BME (1083C, Cu; crowave properties of BMN-BZN mixture, and the effect of
sintering aids like BOz and LiF on the sintering temperature
mpondmg author. Tel.: +33 231 45 26 30: fax: +33 231 95 16 00. and dielectric propertie; of this_ sy;tem. Th_e formation of the
E-mail addressattila.veres@ismra.fr (A. Veres). BagMg1-xZnxNbzOg solid solution is also discussed.
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2. Experimental procedure

Ceramic samples of composition #Mgi_xZn;_x)-
NbyOg (BMZN) with x=0, 0.25, 0.5, 0.75, 1, were prepared
via a conventional solid-state reaction method, using reagent
grade carbonates and oxides: BaC@iopma, 99.99%),
MgO (Cerac, 99.95%), ZnO (Cerac 99.995%),,8b (HC
Starck 99.9%). The materials were weighted in the appropri-
ate molar ratio and mixed into an ammoniac solution (pH 11)
by attrition milling for 2 h, using 1 mm diameter Zpalls
in a teflon jar. The powders were then dried and calcinated
at a temperature of 120C€ for 1 h in air, using a 200 K/h
heating/cooling rate.

After a manual de-agglomeration in an agate mortar, two . 1. XRD patterns and lattice parameter evolution vs. Zn content in
batches of BMZN samples were synthesised: the first without (1 x)BMN—(X)BZN calcinated powders.
any additives and the second with adding 10 M% eOB
(Prolabo, 99.93%) and 5 M% of LiF (Prolabo, 99%). Before of superstructure formation can be observed, thus we have
pressing in pellets the powders were reground during 1 h, in a disordered type perovskite-like structure. As well known,
the same manner as before calcination. The dried powdersthe so-called disordered behaviour comes from the randomly
were subsequently axially pressed in cylindrical pellets of arrangement of B-type cations in this AB®@ype perovskite
about 2-3 mm in height and of about 6 mm in diameter for structure (Mg and Nb in this case), which are positioned in
dilatometric measurements and of about 8 mm in diameter the volume centre of oxygen octahedrons.
for sintering. An organic binder (Rhodovi!) was added Increasing the Zn content in BMZN, no significant mod-
to the powders before shaping. ification in the XRD pattern is evidenced. Nevertheless, the

The thermal treatments were performed in a tubular fur- lattice parameter monotonously varies from 4. 08712{4)
nace (PYROX) under air atmosphere. The pellets were sin-for BMN to 4. 09408(4)A for BZN, suggesting the forma-
tered during 2 h following the same thermal cycle as for the tlon of a total solid solution (se€ig. 1). The ionic radii
calcination, the temperature of the dwell ranging from 1500 v RM 2+ =0.720A and"' Rzp2+ =0. 745A, easily explain the
to 940°C. Iatt|ce parameter increasing.

Dilatometric measurements were carried out in air atmo-  The maximum densification of BMN (about 95% of the
spheres using a Setaram TMA dilatometer. During the exper-theoretical density) is achieved at relative high temperature
iments a slight load of 1g is applied on the pellets to allow (i.e. 1500°C) as it can be observed on the dilatometric curve
the measurement. All samples were heated and cooled with(seeFig. 2). Although for Ba(Mg, Znj;3sNby/303 the sin-

200 K/h ramp, the dwell time being 2 h. tering is lower than 1500C (about 1350C for BZN), we

The crystalline structures of the samples were exam- decided to sinter all BMg1_xZnyNb,Og samples (withx
ined through X-ray powder diffraction using either a Rikagu ranging from 0 to 1) at 1500C in air, to have a set of refer-
diffractometer (Cu k& radiation) or with a Philips X’Pert (Cu  ence.

Ka radiation). For the sintered pellets, XRD patterns performed on both

For electrical measurements the discs were painted onthe sample surface and in the bulk are shown orFilge 3.
both sides with In-Ga eutectic paste. The dielectric char- Some modifications can be evidenced as the Zn content in-
acteristics §, tg(8)] versus temperature were acquired with
a FLUCKE 6306 LCR-meter at 1 MHz and 1V in the range 21
of —60-180°C. The electric insulating resistance was mea- 04 v
sured using a SEFELEC DM500H megohmmeter and the -2 -
microwave frequency measurements were performed using a
cavity method.
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1hat1200C, depicted irFig. 1, highlights that all the peaks T (°C)
in pure BMN (= 0) can be indexed with a cubic structure
(Pm3m) with a cell parametea=4. 08712A. No tendency Fig. 2. Shrinkage curve of BMN sample as a function of temperature.
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Fig. 3. XRD patterns on the surface and in the bulk of (9 BMN—(x)BZN
sintered pellets.

creases in the BMZN material. In BZX € 1), for example,

onthe pellet’s surface a Ba—Nb binary oxide phase is detected

and could be identified as Bidb;O15 (PDF #14-0028) while
the bulk sample is only constituted of the BZN material. This

behaviour can be connected with the departure of the Zn from

the sample surface, caused by the High Contrariwise the
x=0 sample has the same XRD pattern (pure BMN) in the
bulk as well on the surface. For intermediate valuex,0&
mixture between BslNb,O,5 and BMZN is also observed on
the surface of the pellet, the Bdb,015 content decreasing
as the Zn content decreases.

Dielectric measurements performed on BMZN sintered
pellets show that the dielectric properties continuously vary
versusx (Fig. 4). The dielectric constant varies almost
linearly from ¢ =33, which is characteristic to BMN, to
er =39 characteristic to BZN. The losses factors{g(1/Q)
are 0 in the range of errors for all the samples and the
insulating resistivity is high for alk values (>162 < cm)
with a value particularly high fox < 0.25 (>13% Q cm) (see
Table ).
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Fig. 4. Dielectric constant vs. temperature of BM2N=(0—1) pellets mea-
sured at 1 MHz.
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Table 1
Dielectric and electric measurements for BMZN + 0 samples
X &rzs (£3) 7z (PPM/K) t96) logp (2cm) (1)
0.00 33.0 —98 14.7
0.25 34.1 -70 14.7
0.50 35.9 —64 <103 132
0.75 37.2 —65 14.3
1.00 394 —-59 12.0

The hyperfrequency characteristics of BMZN samples
are summarised ifrig. 5. As it can notice, while they,
and s slightly vary, the @ factor has an interesting evo-
lution. It is relatively high forx=0 (63.7 THz), increases for
x=0.25 (76.7 THz) and then drastically decreases (<16 THz)
for x> 0.5. The highest Qvalues are obtained ax=0.25
compound.

3.2. Lowering of the sintering temperature of BMZN

In order to decrease the sintering temperaiyief BMZN

solid solutions, the effect of some additives has been tested.
From the dilatometric curves it has been found that, by adding
10 M% of B,Os and 5M% LiF%8 the Ts will decrease ap-
preciably (sed-ig. 6). The sintering temperatures that have
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Fig.5. Thedielectric properties vs. Zn contentiff BMZN sintered samples
measured in high frequency.
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Fig. 6. The effect of the sintering aids on the shrinkage curves vs. tempera-
ture in BMZN compounds. The chosen sintering temperatures decreases as
Zn contentX) increases.
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Table 2 It can be noticed that all the parameters preserve almost the
Electric measurements for BMZN + sa samples same values as in the sample without additions. With their Q
X erzs (1) s (PPM/K) t90) logp (€2cm) (1) factor of about 80 GHz the BMZIX=0.25 could be suitable
0.00 28.5 -77 15.4 for some resonator applications. It was also evidenced that
0.25 30.8 —62 15.4 thet, coefficient is tuneable to zero by adjusting ihealue
0.50 23.1 —52 <103 121 for the low sintering temperature compositions.
0.75 33.26 +21 12.7
1.00 24.77 +37 12.2
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