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Pbl(Fe2/3W1/3)08-x(Mg1/3Nby/3)02(Feq,2Nb1/2), 103 system perovskite powders (phase purity
>99%) were prepared via B-site precursor routes. Lattice parameter changes were analyzed
in terms of B-site cation stoichiometries and sizes. Weak-field radio-frequency dielectric
characteristics were investigated to verify the effect of composition modification on Curie
temperatures and maximum dielectric constants. Unusual relaxation behaviors of
frequency dispersion in the dielectric constant spectra at paraelectric region were observed.
© 2000 Kluwer Academic Publishers

1. Introduction structure, as the ratios between the octahedral cations
Lead iron tungstate (Pb(EgW1,3)Os, PFW) and lead are 2:1 and 1:1 for PFW and PFN, whilst that of PMN
iron niobate (Pb(Fg2Nby,2)Os, PFN) possess very is 1:2.
high maximum dielectric constants (1 kHz) of 20,000
[1, 2] and 24,000 [1, 2] at Curie temperatures-&5°C
[3-6] and 112C [1, 2, 7], respectively. Meanwhile, 2. Experimental
lead magnesium niobate (Pb(MgNby/3)Os, PMN),a  Amount of PMN substituted to the PFW-PFN system
prototype relaxor ferroelectric without any iron compo- was fixed to 20 mol%, resulting in a pseudobinary
nent, also has a very high dielectric constant (1 kHz) ofsystem of (8 — x)PFW-0.2PMNxPFN = 0.0, 0.2,
18,000 [1, 2, 8] at-10°C [1, 9]. In PFW [3-5, 9-11], 0.4, 0.6 and 0.8). A B-site precursor method [21] (a
PFN [3, 10, 11], and PMN [8, 10], B-site octahedral new term which is conceptually identical to, but more
cations of Fe and W, Fe and Nb, and Mg and Nb arenclusive than, the columbite process [22]) was used to
reported to be distributed in disorderly manners. synthesize perovskite powders of high phase yields. All
By the intrinsic high dielectric constants and low- of the raw materials used were oxides of high purity,
temperature sinterability, PFW-PFN system (with some>99%. Moisture contents of raw chemicals and synthe-
modifications in composition) has been studied intensized B-site precursor oxides were measured and intro-
sively [11-17] as potential dielectric materials, which duced into the batch calculations in order to maintain
can replace traditionally-used BaTj{18], especially  stoichiometries as closely to the normal compositions
in multilayer-type capacitors. But the system had aas possible.
detrimental problem of high dielectric losses by do- To form multiple-cation B-site compositions of
main wall movement and conduction at low and high[(Fe, {3W1/3)08 X(Mg]_/ngz/g)o 2(Fel/2Nb1/2)X]02(| e.,
temperatures [19], which might possibly be reducedMg®"o2/3F€(3.2-x),6Nb>"(0.81+3x)6W® (0.8-x),3]02),
by substitution of low-loss PMN into the system. In powder mixtures were calcined at 950-110Cor 2
another study of the PFW-PFN system [20], introduc-h in air and were checked by x-ray diffraction (XRD)
tion of 20 mol% Pb(Fg,Tay/2)Os (PFT) increased the to identify the phases formed. Stoichiometric amounts
maximum dielectric constants by up to 50%. Like PFT,of PbO was then added to the synthesized B-site
Curie temperature of PMN is also closer to room tem-precursors and the powder batches were calcined at
perature than those of PFW and PFN, thus higher di800-850C for 2 h, followed by phase identification.
electric constants at room temperature can be expectdeerovskite phase contents were determined by simple
by the introduction PMN. comparison between major peak intensities of (110)
In the present study, PMN-substituted PFW-PFN cefor perovskite and (222) for pyrochlore structures. The
ramic system was investigated in order to examine thdiffraction patterns were analyzed (with the pyrochlore
effects of PMN on perovskite structure formation, lat- peaks discarded) to obtain lattice parameters of a
tice parameter changes, and dielectric characteristic§pseudo)cubic perovskite structure.
Moreover, itwould also be interesting to observe the de- The perovskite powders were formed isostatically
velopment of any structural ordering in the perovskiteinto pellets and were fired at 950-12@for 1 h in
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a double-enclosure crucible setup [23] to suppress leady the influences of MgNiDg as well as MgWQ@

volatilization. After polishing to make parallel sides, (Fig. 2).

bulk densities of the ceramics were estimated geomet- X-ray profiles of the (B — x)PFW-Q2PMN-xPFN

rically, followed by Au sputtering as electrodes. Dielec- system powders are shown in Fig. 3, where develop-

tric characteristics were examined using an impedancment of a continuous series of perovskite solid solutions
analyzer under a weak oscillation level of 1.Q\W¥at  (phase yields of>99%) is well demonstrated. Further-

1, 10, 100 and 1000 kHz on cooling. more, absence of superlattice reflections revealed that
the perovskite system did not develop any structural
ordering among the octahedral cations. The disordered

3. Results and discussion nature can be explained by the complex stoichiometries

In Fig. 1 are XRD profiles of the B-site precursor sys- in the B—s_ite_ co_mp.ositions as vyell as rather small dif-
tem. Throughout the compositions, diffraction peaksférences inionic sizes [25], which were reported to be
of MgNb,Os were not detected explicitly, so the favoraple conditions for the dlsorderlng [26, 27].
MgNb,Os components are believed to have dissolved Lattice parameters of the perovskite structure are
into other host structures. At first glance, the whole patPlotted Fig. 4. With increasing (i.e., increasing PFN
terns looked quite similar, which seemed to indicate théind decreasing PFW contents, or to be more specific,
formation of continuous solid solutions. By consider- increasing Nb content and decreasing Fe and W con-
ing the compositions, however, the situations are nof€nts, while that of Mg ion remained unchanged), the
so simple. Moreover, it was reported previously thatP@rameter of 0.3991 nm at=0.0 increased linearly
Fe&;WOs and FeNbQ do not form complete solid so- to 0.4019 nm ap< =_O.8. The steady increase in t_he
lutions due to dissimilar structures [21]. At high values Parameters, satisfying the Vegard's law and confirm-
of x, the peaks matched quite satisfactorily with thosd"d the formation of complete crystalline solutions,
of FeNbQ. The sole detection of FeNh®olid solu-
tions can be attributed to the dissolution of Mgilia
into the FeNbQ structure. As a result, the diffraction | MgNb,O (JCPDS 33-875)
peaks were shifted to lower angles by the influence
of MgNb,Os (Fig. 2). Meanwhile, most of the peaks l
atx = 0.0 (i.e.,, [(Fe;3W1/3)08(Mg1/3Nb2/3)0.2]O2) |
matched with those of RL&/Og. However, an unneg-
ligible peak at~ 24° (marked by *) could be in-
terpreted neither by KE#&/Og nor by MgNkOg, but
only by the presence of MgW/Fig. 2). Other peaks
of MgWQO, were mostly overlapped by those of co- Fe WOg {JCPDS 20-539)
existing FeWOg solid solution. During the forma-
tion of FeWOg solid solution at lowx’s, therefore, ] l | IL l l ! ' ,
a new phase of MgWgseemed to have been formed. I L. 111 A M f L1 Ly |
Coexistence of F&VOg solid solution and MgW@ Mg, (JOPDS 27-789)
can be supported by the wider bases of the majo
diffraction peaks and also by the intensity reversal be | | Il [ ||
tween two adjacent peaks at 5425%ormations of % Y prs
MgWQO, were also reported in the system,Ré0s- 2 (o) CuKo.
MgNb,Og [24]. Like the case of higk’s, diffraction ' !
angles at lowx’s were also shifted to lower values rg e » Comparison among JCPDS profiles of Mgilig, FeNbQ,
FeWOg and MgWQ,.
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Figure 1 X-ray diffractograms of the B-site precursor system Figure 3 XRD patterns of the (8 — x)PFW-0.2PMN—xPFN system
[(Fez/3W1/3)0.8-x (Mg1/3Nb2;3)0.2(Fer/2Nby/2)x]0>. powders.
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Figure 6 Representative dielectric constant spectra &f0.2.

Figure 4 Variation of lattice parameters with composition change in the

perovskite system. Temperature- and frequency-dependent dielectric
constants at composition=0.2 are shown in Fig. 6,
where low-temperature spectra were typical of relaxor

~H6r ' ’ ' ' ' ferroelectrics (i.e., gradual increases in the Curie tem-
E 4 L i peratures with increasing measurement frequency). At
i;o ) high temperatures above the phase transition range,
- however, the spectra deviated from the typical re-
Z2r 1 laxor behaviors and showed faster decline in the di-
‘@ x=0.8 electric constant to values lower than those at higher
5 8.0 - N frequencies. Such unusual behaviors were also ob-
a served in several lead-based iron-containing complex
2 78 [ -1  perovskite compositions of PFW-PFPFN [28] and
572 / N PFW-PMN-PFN [30], systems but were not observ-
R able in other complex perovskites. After the rapid fall
7.0 — : ' ' ' ' in the dielectric constants at the paraelectric region, the

00 950 1000 1050 1100 1150 values increased again steeply (accompanying sharp
Sintering Temperature (°C) increases in dielectric losses), which were reportedly
attributed to the conduction phenomena induced from
space-charge polarization [29, 31-33], rather than to
the intrinsic ferroelectric contribution. The rapid de-
cline in dielectric constants above the phase transition
can be understood by considering the octahedral ionimay then also be related with the space-charge phenom-
radii of Nb>™ versus F&" and WP+, 0.064 vs. 0.0645 ena (which is prone to occur at low frequencies [34]),
and 0.060 nm [25], respectively. It was also ob-as the lower the measurement frequency, the steeper
served that the increasing rate in the present systetthhe decline and the lower the temperature of dielectric
is very close to that in the systems of PFW-PFNconstant minimum. Dielectric spectra of other compo-
[21] and (08 — x)PFW-Q2PFTxPFN [20], which can  sitions in the perovskite system were similar too, There-
be explained by comparing detailed compositions offore, the intention to reduce the dielectric losses in the
Pb[Mgo.2/3F€z2-x),6NDb0.8+3x),6W(0.8-x),3]03 (pres-  PFW-PEN system by introducing PMN turned out to be
ent system), Pb[R& x)6Nbyx2W1_x),3]03 ((1-x) unsuccessful. In other words, PMN substitution by 20
PFW—xPFN system) and Pb[&-x)6Tao.1Nbx/2 mol% does not seem to be sufficient enough to reduce
W (0.8-x),3]03((0.8—x)PFW-0.2PFTxPFN system). In  the high losses in the PFW-PFN system.
the three systems, fractions of Nb, Fe and W ions vary Dielectric constant spectra of the entire compositions
at the same rates with composition change (k¢2, are contrasted in Fig. 7. The dielectric peakat 0.8
—X/6 and—x/3, respectively), regardless of the pres-was rather sharp and looked more like afirst-order phase
ence of PMN or PFT. Hence, the perovskite latticedtransition in BaTiQ. At x = 0.6, the peak became less
expanded accordingly. sharper, but still retained the first-order characters (e.g.,
Fig. 5 shows variations in bulk densities of the ce-slow increase in the dielectric constants, followed by
ramics, as functions of sintering temperature and coma sudden rise at arround25°C). The spectrum also
position. In general, the bulk densities decreased witlshowed a broad shoulder at ferroelectric-side of the
increasing<. Optimum sintering temperature of 98D  peak, the mechanism behind which need to be investi-
atx =0.0increased to 110C atx = 0.8, whichis still  gated further. The sharp modes in the phase transitions
much lower than 1200-1300 of BaTiG; [2]. Mean-  at compositions of high'’s are believed to be influ-
while, relative densities of the sintered ceramics wereenced by the component of PFN, which is reported
93-96% of theoretical, as calculated from the latticeto show first-order-like dielectric constant peak with
parametres (Fig. 4) and molecular weights. a small degree of frequency relaxation [12, 21]. With
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Figure 5 Bulk densities of ceramic specimen, as a function of sintering
temperature.



0.2PMN-xPFN formed a continuous series of solid
solutions of a disordered perovskite structure. Lattice
parameters varied linearly with composition change,
which was explained by the systematic increase in Nb
content and decreases in Fe and W contents. Dielec-
tric constant spectra of the system ceramics were of
typical relaxors in the ferroelectric region, but unusual
relaxation behaviors were observed after the phase tran-
sitions, which was interpreted by the space-charge po-
larization phenomena. Diffuse modes in the dielec-
tric constant spectra at PFW-rich compositions became
sharper and narrower with increasing PFN content, due
to the intrinsic first-order-like phase transition nature
in PFEN. With increasing PFN, Curie temperatures in-
Figure 7 Dielectric constant spectra of the whole compositions in the créased steadily, whilst maximum dielectric constants
perovskite system (10 kHz). increased at somewhat irregular rates.
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