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Microwave ceramics with close-zero temperature coefficient of resonance frequency (1~0 ppm/°C) high quality factor
(Qx£>50,000 GHz), small permittivity (g<15), and low sintering temperature (Ts<950 °C) are gaining great attention in the
field of fundamental research and SG communication. Until now, ceramics owing aforementioned key metrics at the same
time is quite rare. In this paper, the (1-x)Li;Mg,SbOsF,—xBa3;(VOy), (x=0.2-0.4) counterparts had been fabricated through
high temperature solid state reaction at 750-850 °C. X-ray diffraction and SEM-EDS analyses showed all the specimens
are composed of two dissimilar phases: Ba;(VO,), and LizMg,SbOsF,. The &, 1; and Qxf of Li;Mg,SbOsF,-host counterpart
upgrade with the increase of Ba;(VQO,), content, and a near-zero t:is obtained for the specimen with x=0.3. With increment
of sintering temperature, the volume density, Qxf together with &, for 0.7Li;Mg,SbOsF,—0.3Ba;(VO,), ceramics rose first and
reduced thereafter, yet its 7,remained stable. An expected &, of 11.4, 7y0f 4.8 ppm/°C and Qxf of 50,600 GHz were achieved
at x = 0.3 constituent sintered at 825 °C.
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Introduction (1-x)LizMgSbOsFrxBas(VO4),  (x=0.2-0.4)  diphase

ceramics were designed and fabricated based on a

Recently, Li-containing oxyfluoride ceramics are solid state reaction at 750-850 °C. The impact of
drawing tremendous attentions owing to their fascinating Ba;(VO,), addition on the phase constituents, sintering
low sintering temperature as well as eminent microwave behavior, microstructures together with MDPs of the
dielectric properties (MDPs) [1-5]. Within the Sb,Os- 0.3Li:Mg,SbOsF»—0.7Bas(VO,), sintered specimens was

LiF-Li,0-MgO system, a novel oxyfluoride namely, thoroughly investigated.
LisMg,SbOsF,, was reported. We found that the 825

°C-sintered LisMg,SbOsF, oxyfluoride ceramics possess Experimental

eminent MDPs at 9.2 GHz (g, =8.1, Qxf = 68, 500 GHz,

1= -54 ppm/°C) [6]. Yet, its high negative 1 value (-54 Through a solid-state process the (1-x)LisMg,SbOsF,—
ppm/°C) of Li;Mg,SbOsF, oxyfluoride ceramics impedes xBa;(VOs), (x=0.2-0.4) (abbreviated as LMSOF-BV)
its practical applications to a great extent [7]. There are specimens were fabricated. Based on stoichiometric

two primary approaches to modulate the MDPs, especially LisMgSbOsF, and Bas(VOs),, the initial materials of
for 7z 1) selecting two compounds with converse z to MgO, Li,COs;, MgF,, V,0s, BaCOs (all purity>98.0 %)
construct diphase ceramics and 2) by ion replacement were separately weighed, then were individually mixed
to construct a solid solution [8—10]. The solid solution via planetary milling for 9 h with anhydrous alcohol
Srialar s Al TinO7 (x = 0.55, 7 =3.3 ppm/°C) and as medium. The dried LisMgSbOsF, and Ba;(VOs),

(1-x)MgeTi5016-xCag sS1, TiO5 diphase ceramics (x = slurries were individually presintered under 750 °C/4 h
0.22, 7y ~ -1.28 ppm/°C) are the most suitable samples and 650 °C/20 h. Subsequently, the LMSOF-BV mixture
among the situations aforementioned [11, 12]. powders were re-milled for 9 h. By adding 6 wt% PVA

With this regard, the Ba;(VO.), with positive ¢ binder, the above mixture powders were granulated, and
(40.0 ppm/°C) was introduced to tune the MDPs compacted into green discs with diameter of 10 mm and

of LizMg,SbOsF»-host ceramics [13, 14]. Thus, the thickness around 4.5 mm. Finally, these discs were fired
under 750 °C-850 °C for 5 h in air atmosphere.
*Corresponding author: The phase identification, structural investigation along
Tel : +86 29 88166089 with fracture surface morphology of the LMSOF-BV
E-mail: yaoguoguang@xupt.edu.cn, zhangweio@xiyou.edu.cn samples were examined via X-ray diffraction (XRD,
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Japan) and scanning electron microscopy (SEM, Czech).
The volume densities of fired specimens were trialed
employing Archimedes’ drainage approach. With the help
of resonant cavity method, the & and Qxf values under
microwave region about 10—11 GHz of the LMSOF-BV
ceramics were measured employing a vector network
analyzer (Ceyer 3674D). The 1 values were evaluated
based on following expressions (1) [15].
f 85 f 25
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Results and Discussion

Table 1 summarizes the MDPs of 825 °C-sintered
LMSOF-BV ceramics systems. As x rose from 0.2 to 0.4,
the &, Trand Qxf values gradually increased. An excellent
overall MDPs could be obtained for the composition of
x=0.3. Thereby, the following investigation was focused
on the x=0.3 composition ceramics.

Fig. 1 gives the XRD plots of 0.7LMSOF-0.3BV
ceramics sintered at 750-850 °C. All sintered bodies
exhibited a similar phase assemble. All diffraction peaks
match well with trigonal structural phase of Ba;(VOs),
(PDF #71-2060) and LisMg,SbOsF, [6, 16]. The
achieved outcomes indicated the diphase ceramics of

Table 1. Microwave dielectric properties for (1-x)LMSOF-xBV
ceramics fired at 825 °C.

Composition & Qxf (GHz)  t(ppm/°C)
x=0.2 10.6 31,700 -10.6
x=0.3 11.4 50,600 4.8
x=0.4 11.9 56,900 18.6
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Fig. 1. The XRD plots of 0.7LMSOF-0.3BV sintered at 750—-850
°C.

LisMg,SbOgF/Bas(VO4), was formed without noticeable
secondary phases, which could attribute to their diverse
crystal structure [17].

Fig. 2(a)~(f) display the fracture surface graphs and
corresponding EDS spectra of 0.7LMSOF-0.3BV ceramics
sintered at unlike temperatures. The 775 °C-sintered
samples exhibited large number of intergranular pores,
which tallied well with its poor density, as illustrated
in Fig. 2(a) and Fig. 3. As the firing temperature rose,
the intergranular pores declined and average grain size
along with the homogeneity of grain size distribution
grew. A dense microstructure accompanied by a relative
uniform grain size distribution were gained for 825
°C-heated ceramics. Further increment the temperature
to 850 °C, an unevenly grown grain emerged, as seen
in Fig. 2(d), which would deteriorate the dielectric

Fig. 2. The fracture surface graphs and corresponding EDS spectra of various temperature sintered 0.7LMSOF-0.3BV ceramics: (a)
775 °C, (b) 800 °C, (c) 825 °C, (d) 850 °C, (e) EDS spectra of spot 1, (f) EDS spectra of spot 2.
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properties [18]. Moreover, all samples comprised two
distinct-colored grains (white and black) marked in in
Fig. 2(c). EDS analysis was carried out to identify the
elemental composition of distinct-colored grains, and
the resultant outcomes are presented in Fig. 2(e) and
(f). Where the Ba and V element are enriched in white
colored grains (spot 1), while Mg and Sb are enriched
in black colored grains (spot 2), suggesting that white
and black colored grains respectively corresponded to
Ba;(VO,), and Li;Mg,SbOsF, phase, which tallied well
with the aforementioned XRD results.

The density and shrinking ratio of 0.7LMSOF-0.3BV
under different temperature sintering are displayed in
Fig. 3 The density and shrinking ratio showed a similar
tendency, initially rising and then reducing as sintering
temperature rose. The increase in density and shrinking
ratio could ascribe to that the gases from the pores
within the ceramics flee with an increasement in firing
temperature, the ceramics shrinks and thus brings about
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Fig. 3. The density and shrinking ratio of 0.7LMSOF-0.3BV
under different temperature sintering.
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Fig. 4. The ¢, of the 0.7LMSOF-0.3BV samples under different
sintering temperature.

its density increment [19]. The decrease in density was
due to the unevenly grown grain, as seen the SEM image
in Fig. 2(d).

The dependence of & over sintering temperature of
the 0.7LMSOF-0.3LSO samples is exhibits in Fig. 4.
The variation of & with sintering temperature roughly
shows an analogous inclination to that of densities (Fig.
2), since &, in microwave frequency is chiefly influenced
by porosity for a fixed composition [20]. The & of
present ceramics displayed a stepwise increment with
the wake of firing temperature, achieve a maximum
value of 11.4 under 800 °C, and slightly declined with
further increasing temperature. An abatement in porosity
induces an increment in & of present ceramics, because
the & of pores is near to 1. Additionally, an increase in
average grain size also leads to an increase in & due to
the reduction in grain boundaries [21]

Figure 5 exhibits the change of Qxf and 7, for the
0.7LMSOF-0.3BV composites over firing temperature.
The change tendency of Qxf wvalues over firing
temperature is slightly different from the density and
&, because the influencing factors of Qxf are more
complex, including intrinsic and non-intrinsic losses [22].
The present ceramics displayed a stepwise increment in
Qxf values with the wake of firing temperature, achieve
a peak value of 50,600 GHz at 825 °C, and slightly
declined in the end with further increasing temperature.
Generally, the intrinsic loss is very low, whereas the
extrinsic loss largely contributes to the total dielectric
loss at microwave frequencies and it is very important
to overcome these losses. The increment in Qxf values
goes hand in hand with the increment in density along
with the reduction of grain boundaries (Fig. 2), whereas
the reduced Qxf values at 850 °C is due to the appeared
unevenly grown grain in Fig. 2(d) [23]. With regard to
¢ (Fig. 5), the 1¢ values is relatively independence to
sintering temperature, which remain relatively stable at
around 4.8 ppm/°C. The t; value depends on the amount
of agent, the constitution as well as the existence of a
second phase [24-26]. In current ceramics, the relatively
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Fig. 5. The Qxf and 1 of the 0.7LMSOF-0.3BV composites

under different sintering temperature.
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stable 1 can attribute to its unchanged phase assemble
with sintering temperature (seen in Fig. 1).

Conclusions

In this work, (1—X)Li3Mg2SbO()F—XBa3(VO4)2 (X:OZ—
0.4) diphase ceramics were fabricated through high
temperature solid state reaction route at 750-850 °C.
The two phases LisMgSbOsF, and Ba;(VO.), coexist
harmoniously as confirmed by XRD and SEM-EDS
analyses. The introduction of Ba;(VOs), can not only
significantly ameliorate the 7; but also improve the Qxf
and & of LisMg,SbOgF-host counterpart. For the x=0.3
composition, its & and Qxf is chiefly influenced by
density and overinflated grain coarsening, whereas its
7ris chiefly influenced phase assemble. 825 °C-sintered
0.7Li;Mg>SbOF—0.3Ba;(VO4), diphase ceramics exhibited
excellent overall MDPs (g, of 11.4, Qxf of 50,600
GHz and zrof 4.8 ppm/°C ), thereupon showcasing the
tremendous potential for LTCC applications.
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