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Cag, Mg LiV3012 (0 < x < 1) ceramics with cubic-garnet-structure were synthesized by the solid-phase re-
action. The replacement of Ca®* with the smaller Mg?" exerted an increasingly strong “rattling” effect at the A-
site of Cag.,Mg;,LiV30;2. With increased Mg2+, & increased from 10.5 + 0.1 to 15.4 4+ 0.1 and &, increased
from 11.0 + 0.1 to 16.0 + 0.1, whereas the theoretical ¢4 decreased from 12.0 4+ 0.1 to 10.5 &+ 0.1. &, Was

higher than ey due to the “rattling” effect. The enhanced “rattling” effect caused s to increase rapidly from -64.1
+ 1.0 ppm/°C to +267.2 + 1.0 ppm/°C. With increased x, Q x f decreased from 74,700 + 500 GHz to 15,370 +
500 GHz, due to the decreased packing fraction, increased FWHM of the A;; modes, and enhanced “rattling”
effect. Additionally, the chemical compatibility between Cag 75Mg; 25LiV3012 and Ag electrodes was confirmed,
indicating this material’s potential for LTCC.

1. Introduction

As mobile-communication technology develops toward high fre-
quency and high integration, requirements are increasing for the per-
formance of microwave dielectric ceramic materials used for
communication components [1]. Low permittivity (¢;) can reduce the
signal-transmission-time and mutual-coupling-loss in the components. A
high Q factor can also provide good frequency-control accuracy and high
passband-edge signal-frequency response steepness. A near-zero tem-
perature coefficient of resonant frequency (z) can further achieve high
reliability and stability of microwave equipment [2-5]. Moreover, mi-
crowave ceramics with low sintering temperature (< 961 °C, i.e, the
melting point of Ag) are required for low-temperature co-fired ceramic
(LTCC) technology [6].

Vanadium-based compounds with garnet structure, such as
LiCagMgV3012 [7], LiCa3ZnV3012 [8], AgCagMg2V3012 [9], Ca5N-
ioMgoVg094 [10] and AgPbyBoV3012 (B = Mg, Zn) [11], are gaining
considerable attention in material research due to their low &, high Q x f
and low-firing temperature. However, these vanadium-based garnet
compounds are similar to most other low-g microwave dielectric

ceramics, which exhibit largely negative 7 values. Only LiCazMgaV3012
and KCayMgyV3015 are unique microwave dielectric materials with a
rare largely positive 77. Their microwave dielectric properties are & ~
9.8, Q x f ~ 24,900 GHz, and 7y ~ +-259.2 ppm/°C for LiCa;Mg2V3012,
as well as & ~ 10, Q x f ~ 30,330 GHz, and 77 ~ +190.9 ppm/°C for
KCapMgzV3012 [12]. Meanwhile, the reason for the largely positive 77in
the above two vanadate compounds is unclear. Our group has previously
reported that Ge-based garnet Mg3Y»Ge3O12 with mixed distribution of
MgZJr/Y3+ at the A-site has an abnormal positive 77 of +120.5 ppm/°C,
which causes the ‘“rattling” effect on the A-site. This effect yields
measured ¢, higher than the theoretical ¢ and a considerably lower Q x
f[13]. Similar “rattling” cations also exist at the A-site of (Ba,Sr)Ge40o,
and replacing Ba with Sr can adjust the “rattling” effect. Thus, the
negative 7y of BaGe4Og (-44.2 ppm/°C) can be adjusted to near-zero
(-11.7 ppm/°C), and a high quality factor can be maintained [14].
The “rattling” cation effect was first described by Dunitz and Orgel as
"the central cation at the center of the octahedron gradually becoming
loose, forming the off-center displacement characteristics of ferroelec-
tric and antiferroelectric materials" with decreased size of the central
cation in the octahedron [15]. The polyhedra can be altered to
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accommodate small cations by the movement of cations and/or anions,
leading to polyhedral distortion. When the motion of cations and/or
anions is restricted by crystal symmetry, such as in (Caj_g 3xLag.2x)
[(Mg1/3Taz,/3)1-xTix]O3 and other complex perovskite ceramics, larger
than normal bond distances and/or thermal motions may occur,
resulting in abnormally large polarizabilities [16-18]. Bond valence can
provide an indication of the “rattling” of a cation in its site [19].

In LiCagMgV30i2, the Ca?* cations occupy the A-site to form a
[CaOg] dodecahedron with the Wyckoff symbol of 24¢c. Mg?" and Li*
cations occupy the B-site with a 16a position, and the V°* cations occupy
the C-site to form a [VO4] tetrahedron with the 24d position [20].
Compared with LiCagMgV30;2, the crystal structure of LiCapMgoV3012
comprises one Mg?" and one Ca?" ions occupying the A site together,
and the other Mg?" and Li" ions are located at the B-site [21]. The
replacement of Ca?t with the smaller Mg?* may cause the “rattling”
effect at the A-site of LiCagMgaV3012. To verify whether a “rattling”
effect existed in LiCaMg,V3015, we designed herein the replacement of
Ca?* at A-site with different amounts of Mg?* to prepare a series of
Caz, Mg .,LiV3012 (x =0, 0.25, 0.5, 0.75, 1) ceramics. The relationship
between the “rattling” effect and microwave dielectric properties of
Cas,Mg1,LiV3012 ceramics were investigated in detail by using the
bond valence. The chemical compatibility of ceramics and Ag electrode
for LTCC technology was also investigated.

2. Experimental procedure

Appropriate proportions of high-purity powders of CaC03(99.99 %,
Aladdin), MgO (99.99 %, Aladdin), Li,CO3 (99.99 %, Aladdin) and
NH4VO3 (99.99 %, Aladdin) were weighed based on the stoichiometric
formulation Cas,Mg;,LiV3012 (x = 0, 0.25, 0.5, 0.75, 1). Before
weighing, MgO powders were calcined at 900 °C for 2 h to remove water
content. Then, the raw materials were mixed by ball milling for 6 h with
alcohol as the medium, and the slurries were dried at 120 °C for 2 h and
calcined at 700 °C for 4 h. Afterwards, the obtained powders were ball
milled and dried. The dried powders were manual grinded with 5 wt.%
solution of PVA as binder and pressed into cylinders (10 mm in diameter
and 6 mm in thickness) at a pressure of 150 MPa. Subsequently, the
pellets were heated from room temperature to 550 °C for 4 h to burn off
the organic binder and then sintered at 820 °C to 900 °C for 4 h. The
ceramics were polished using a Phoenix 4000 Sample Preparation Sys-
tem and PSA-backed polishing cloths (30 pm, 9 pm, 3 pm and 0.2 pm in
sequence). The polished samples were thermally etched at 50 °C below
the optimal sintering temperature for 20 min at the heating rate of 5 °C/
min. Finally, the Cay 75Mg1 25LiV301, ceramic were co-fired with 20 wt.
% Ag powders at 880 °C for 4 h to study their compatibility.

The phase purity and crystal structures of the specimens were
identified via powder X-ray diffraction (Model X’Pert PRO, PANalytical,
Empyrean, Holland) using CuK, radiation and structural Rietveld re-
finements were carried by Fullprof programs [22]. To observe the grain
morphology of the specimens, the surface of polished and thermally
etched ceramics was recorded by scanning electron microscopy (FESEM,
$4800, Hitachi) and their grain sizes were measured by the linear
intercept [23]. The bulk density of sintered ceramics was determined via
the Archimedes’ method. The room temperature Raman spectra were
recorded by Raman spectrometer (DXR, Thermo Fisher Scientific,
America) using a 532 nm laser in the wavenumber started from 100 cm?!
t0 1000 cm™! with a spectral resolution of 1 cm~ . The erand Q x fvalues
of the ceramics were determined by the Hakki-Coleman method through
the network analyzer (N5230A, Agilent, America) [24]. The 77 values of
the ceramics were measured using a temperature chamber and calcu-
lated by Formula (1):

fXS _fZS

85 —25)hs M

where, fgs and fa5 represented the resonant frequencies at 85 °C and 25
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°C, respectively.
3. Results and discussion

Fig. 1 demonstrates the room temperature XRD patterns of
Cag ,Mgi,,LiV3012 (x = 0, 0.25, 0.5, 0.75, 1) ceramics sintered at their
optimised temperature (880 °C) for 4 h. For Cas,Mg;,LiV3Oi2 ce-
ramics, all observed diffraction peaks could be identified with JCPDS file
No. 00-24-1212, revealing that the samples crystallized into a cubic-
garnet-structure with space group Ia-3d. No distinct second phase was
observed in all ceramics, indicating that Mg?" substituted for Ca®* in
CagMgLiV30;, to form a solid solution of Cag_,Mgi,LiV3012 ceramics.
As the content of Mg?" increased, the main diffraction peaks of (4 2 0)
slightly shifted to high angles (Fig. 1(b)), which was ascribed to the
smaller ionic radius of Mg2+ (0.89 ;\) than Ca* (1.12 A), demonstrating
decreased lattice parameter and unit cell volume.

To further investigate the influence of Mg?" substituting for Ca%* on
microwave dielectric performances and crystal structure, the Rietveld
refinements of XRD were determined using the Fullprof program. Fig. 2
(a) shows the experimental data and refined XRD patterns of x = 0.25
ceramic, and the others are shown in Fig. S1. The experimental data well
fitted the refined patterns with the cubic-garnet-structure. Table 1
summarizes the lattice parameters, cell volume, and refined structural
parameters of Caz.,Mg,LiV3012 ceramics. The Wyckoff positions, oc-
cupancy, and atomic displacement parameters are listed in Table S1.
Lattice parameters slightly decreased with increased Mg?" content and
volume shrinkage, which corresponded to the high angle shift of the
main XRD peak [25]. The A-site bond length also showed the same
decreasing trend due to the ionic radius of Mg?* being smaller than that
of Ca?*. Fig. 2(b) shows the plot of the polyhedral evolution of the
prepared ceramics. For x = 0, the Ca?" cations were at the A-site,
forming a [CaOg] dodecahedron with a 24c site, and Mg2+ and Li" were
at the B-site with a 16a site [20]. As the substitution of Mg?* for Ca%*
increased from 0 to 1, the small Mg?* gradually occupied the A-site of
Ca*, and the percentage of Mg?" at the A-site increased from 0 to 1/3,
whereas the B-site was still occupied by one Mg?" and one Li*. As
Barbier et al [26]. and Ganesanpotti et al [27]. revealed, normal garnets
have [A3]{B2}(C3)Oj2 stoichiometry, where brackets denote the
dodecahedral, octahedral, and tetrahedral coordination of cations,
respectively. The cation distribution of inverse garnet is [AB2]{A2}(C3)
01, where brackets denote dodecahedral, octahedral, and tetrahedral
sites, respectively. In particular, the dodecahedral site of inverse garnet
has a mixed occupancy of A/B cations. For x = 1 (CapMg3LiV3013), the
dodecahedral site is occupied by mixed Mg?*/Ca" at 1:2 ratio, indi-
cating that CapMg,LiV3012 has an inverse garnet structure.

Fig. 3 shows the room-temperature Raman spectra of Caz,Mgi .
LiV3015 ceramics. The Raman vibrational mode is a significant param-
eter used to investigate the relationship between microwave dielectric

Fig. 1. XRD patterns of Caz,Mg; ,LiV30;, ceramics sintered at their optimised
temperature of 880 °C for 4 h.
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Fig. 2. (a) The XRD pattern of Rietveld refinement for Ca, 75Mg 25LiV30;2 ceramic; (b) the polyhedral evolution of Caz,Mg; ,LiV30;, ceramics.

Table 1
The lattice parameters, volume of unit cell, and Rietveld refinement parameters
of Cag Mg ,LiV30;2 ceramics sintered at their optimised temperature.

x value a ) V(A% R, (%) Rup (%) 7

0 12.429(0) 1920.310(5) 2.58 3.43 4.27
0.25 12.417(9) 1914.569(0) 2.90 4.19 6.36
0.5 12.404(0) 1908.700(5) 2.42 3.12 3.55
0.75 12.389(6) 1901.876(7) 3.09 4.33 6.90
1 12.382(4) 1898.654(9) 6.62 8.75 1.59

Fig. 3. The Raman spectra of Casz,Mg;,LiV30;5 ceramics sintered at the
optimised temperature.

performance and crystal structure [28]. According to literature, modes
with the maximum intensity (~ 829.7 cm‘l) correspond with the
stretching vibrations of the VO4 group, denoted as Aig, and linearly
depend on the lattice parameter. Herein, the modes at around 331.0
cm™! were assigned to the bending vibrations of VO4 [29]. The vibra-
tional modes shifted toward the higher-frequency side with x due to the
decreased cell volume and bond length with increased substitution of
MgZ* for Ca?*. Meanwhile, the full width at half-maxima (FWHM) for
the Ajg modes gradually decreased, which can be used to explain the
changes in microwave dielectric properties. Fig. S2 shows the decon-
voluted Raman spectra of Cag,Mgi,LiV3012 (x = 0, 0.25, 0.5, 0.75, 1)
sintered at 880 °C in detail.

Fig. 4 shows the surface microstructures of polished and thermally

etched Cag,Mgj.,LiV3012 (x = 0, 0.25, 1) ceramics sintered at their
densification temperature (880 °C), and the corresponding grain size
distributions. Apparently, all ceramics had a dense microstructure with
typical granular particle and a clear grain boundary. With increased
substitution of Mgt for Ca®", the average grain size remained stable
and fluctuated around at 2.20 + 0.08 pm.

Table 2 lists the optimized sintering temperature (S.T.), ppuiks Prels
ionic polarizability, and microwave dielectric properties of
Cag ,Mgi,LiV3012 ceramics in detail. With increased substitution of
Mg%" for Ca®", bulk density slightly decreased and relative density
slightly increased beyond 95%. The measured & monotonically
increased from 10.5 + 0.1 to 15.4 + 0.1, whereas the calculated &4
gradually increased, and so did a4/Vy,. Q x f decreased rapidly from
74,700 + 500 GHz (x = 0) to 38,320 + 500 GHz (x = 0.25) and then
decreased gradually to 15,370 + 500 GHz ((x = 1). Moreover, 77
continuously increased in a positive direction, i.e., from the negative
value of —-64.1 + 1.0 ppm/°C to the largely positive value of +267.2 +
1.0 ppm/°C, and was close to zero (-1.6 &+ 1.0 ppm/°C) at x = 0.25. The
microwave dielectric properties of e, ~ 11.5 + 0.1, Q x f ~ 38,320 + 500
GHz were also favorable.

The &, of the ceramics can be affected by extrinsic factors including
second phase, average ionic polarisability, and relative density, as well
as intrinsic factors such as lattice vibration [19,30,31]. When the rela-
tive density of single-phase Cas Mg ,LiV3012 ceramics reached above
95 %, the effect of porosity on microwave dielectric performances was
negligible. To further eliminate the effect of porosity on the &, of sam-
ples, the corrected permittivity .o Was calculated using Bosman and
Having’s equation [32]:

Ecorr = €-(1 + 1.5p) 2)

where &.r and & are the corrected and measured permittivity of
porosity, respectively, and p is the fractional porosity. As Shannon [19]
suggested, the conventional additive rules can be used to calculate the
theoretical dielectric polarizability (as). Furthermore, the theoretical
dielectric constant (&) can be calculated based on the Clausius-Mossotti
relationship [33].

oy = a(Li") + G-0aCa’") + (1+x)aMg>h) + 3a(V>) + 120(0%7)  (3)

1+ 2bal, [V,

e LT VAL] 4
1 —bal/V, )

Emn
where a(Li*) = 1.2 A3, a(Ca®") = 3.16 A%, a(Mg?") = 1.32 A%, (V") =
2.92 AB, and a(0%7) = 2.01 A3 are the ionic polarizability [19], b is a
constant with a value of 4n/3 and Vy, is the molar volume. Fig. 5 shows
the variation in &, €., and e with x. All e were higher than the
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Fig. 4. (a-c) SEM photographs of the polished and thermally etched Cas.,Mg;,LiV3015 (x = 0, 0.25, 1) ceramics sintered at optimized sintering temperature of 880

°C; (aj-c;) the corresponding grain size distributions.

Table 2

The optimised sintering temperatures, bulk density (ppui), relative density (pre1) and microwave dielectric properties of Cas Mg ,LiV30;5 ceramics.
x S.T. (°C) Phulk Prel & Ecorr Eh A A/ Vim Q x f (GHz) 77 (ppm/°C)
0 880 3.28 96.9 10.5+0.1 11.0 £ 0.1 12.0 £ 0.1 44.88 0.1872 74,700+500 —-64.1+1.0
0.25 880 3.27 97.1 11.5+0.1 12.0 £ 0.1 11.5+0.1 44.45 0.1856 38,300+500 -1.6£1.0
0.5 880 3.25 97.2 12.9+40.1 13.4+0.1 114+ 0.1 43.96 0.1840 24,700+500 +69.9+1.0
0.75 880 3.24 97.3 13.7 £0.1 14.3 £ 0.1 10.8 £ 0.1 43.50 0.1832 20,100+500 +169.1+1.0
1 880 3.22 97.2 15.4 £0.1 16.0 £ 0.1 10.5+ 0.1 43.04 0.1816 15,400+£500 +267.2+1.0

Fig. 5. The variation in &, €.or, € and Va o of Caz,Mg; ,LiV301, ceramics.

measured &, to a slight extent, whereas & and e, increased with
increased substitution of Mg?* for Ca>". However, the trend of theo-
retical ey with x was rarely opposite to those of & and e With
increased of x, a,/V;, values decreased from 0.1872 (x = 0) to 0.1816 (x
= 1), and then resulted in decreased &4 from 12.0 &= 0.1 to 10.5 + 0.1.
Notably, the deviation between ¢, and &, increased rapidly from -8.9
% to 34.5 %. These deviations can be explained by the existence of
“compressed” cations and “rattling” cations, leading to low and high
polarizabilities existing in the structure, which can be described by the
bond valence of the A-site (Va.0). Bond valence can be calculated by
Formulas (5) and (6):

Vi=>Vy (5)
J

Vi = exp {y} 6)

where, R;; refers to the bond-valence parameter, d;; denotes the length of
a bond between atom i and j, and b is generally a constant equal to 0.37
A [34]. The A-site bond length and bond valence in Cag Mg ,LiV3012
ceramics are listed in Table S2. For x = 0, the mean bond valence of Ca®*
was calculated as 1.98, which was very near to the theoretical value of 2,
indicating that CagMgLiV30;5 was a stable garnet compound without
“rattling” effect at the A-site. As the replacement of Mg?" for Ca?*
increased, the bond valence of dodecahedral Ca?* ranged from 1.979 to
2.030, which closely approached the theoretical value of 2. However,
the bond valence of dodecahedral Mg?* ranged from 0.950 to 0.968,
which deviated largely from the theoretical value of 2, resulting in
decreased V.o from 1.98 to 1.68, and thus leading to decreased bond
strength. These results suggested that the A-site occupation of the
smaller Mg?" cation may lead to relative instability of the garnet
structure. Meanwhile, the decrease in Va_o enhanced the “rattling” effect
and increased the dielectric polarizability of samples, followed by an
increase in & [35]. The similarly large deviation in e and &5 were
observed in garnet Mg3Y2Ge3O15 ceramics, and these deviations were
ascribed to the presence of the “rattling” effect at the A-site [13].
Meanwhile, in AGe4Og (A = Ba, Sr) ceramics, the higher measured
permittivity than the theoretical permittivity was also due to the A-site
rattling effect [15].

The variations of 7y, 7., and Va0 as a function of x for Caz ,Mgj (-
LiV3013 ceramics are shown in Fig. 6. In general, 7y is strongly correlated
with the coefficient of thermal expansion (¢;) and the temperature co-
efficient of dielectric constant (z,) [36]:

n:—%+m) %)

For microwave dielectric ceramics, ; is approximately 10 ppm/°C.
Thus, 7, plays a key role in the magnitude of 7;. The back-calculated 7,
values 108.2 ppm/°C for x = 0 and -554.4 ppm/°C for x = 1 from the
above equation were very close to the measured 7, values (86.9 ppm/°C
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Fig. 6. The variation in 75, 7, and Va.o of Cas.,Mg;,LiV30;2 ceramics.

and -524.2 ppm/°C). Moreover, V.o affected the 7y of the samples. With
increased x, the mean Va_o decreased from 1.98 to 1.68, showing that
the rattling effect at the A-site of Cas.,Mg;xLiV30;2 increased and the
energy required for the structural restoration decreased, resulting in a
rapid increase in 77 from -64.1 + 1.0 ppm/°C to +267.2 £ 1.0 ppm/°C.
Such a largely positive 77 is very rare in low-permittivity microwave
dielectric ceramics and has been reported only in our earlier work on
Mg3Y2G63012 [13].

Fig. 7 shows the Q x f values of Caz,Mgj,LiV3015 ceramics. With
increased substitution of Mg for Ca®", Q x f values decreased. For
Cag ,Mgi,,LiV3012 ceramics, the relative densities of all ceramics were
above 96 %, indicating that structural characteristics were important
factors affecting Q x f. Structural characteristics can be assessed by
packing fraction, which is calculated as follows:

volume of packed ions

packing fraction(%) = @)

volume of unit cell

As the Mg?" content increased, packing fraction and Q x f values
decreased. With decreased packing fraction, lattice vibration increased
and Q x f decreased [37]. Furthermore, based on the classical radiation
theory, the variation in Q x f is associated with the FWHM value of the
Raman active mode. Previous studies have shown that intrinsic loss is
posed by non-harmonic vibration, and the connection between them can
be illustrated by Formulas (8) and (9) [38]:
_Yao

= ®

T

2 2
FWHM < VT A0 ©)

20)0

tano

where wy is the central frequency of the optical mode, and wr is the
angular frequency of the lattice vibration. The FWHM of the A1y modes
at around 829.7 cm™ is shown in Fig. 7. The increase in FWHM corre-
sponded to increased damping coefficient, leading decreased Q x f [39].
Furthermore, the bond valence of A-site cations affected the dielectric
loss of the ceramics. As bond valence decreased, the damping constant of

Fig. 7. The variation in Q x f, packing fraction, FWHM and A-site bond valence
of Caz Mg ,LiV30;5 ceramics.
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microwave signal increased because of the increase in non-harmonic
interaction, resulting in increased dielectric loss and decreased Q x f.
For Casz.,Mg;,LiV3015 ceramics, the mean V.o gradually decreased
with increased x, resulting in decreased Q x f. The two different cations
at the A-site probably caused the enhancement in anharmonic vibration,
thereby further increasing the dielectric loss and decreasing the Q x f
[401.

To meet the requirements of LTCC application, the chemical
compatibility of Caz75Mg1.25LiV3012 ceramic with near-zero 7 between
Ag powders was investigated. Fig. 8 shows that except for the diffraction
peaks of Cay 75Mgj 25LiV3012 and Ag, no other peaks were found, indi-
cating that no chemical reaction occurred between Cay 75Mg1 25LiV3012
ceramic and Ag. From the inset of Fig. 8, the grain boundary between
Cag 75Mgj 25LiV30q2 ceramics and Ag powders was clearly distin-
guished, exhibiting good chemical compatibility with Ag. Therefore,
Cag 75Mg1 25LiV3012 ceramic could be considered as a potential material
for LTCC applications with the advantages of low sintering temperature,
excellent microwave performance, and good compatibility with Ag
electrodes.

4. Conclusions

A series of garnet-structure microwave dielectric ceramics
Cas, Mg ,LiV3012 (x = 0, 0.25, 0.5, 0.75, 1), was obtained by the
conventional solid-state method. Their phase composition, microstruc-
ture, sintering behavior, crystal structure, and microwave dielectric
properties were investigated in detail. Results showed that replacing
Ca?* with Mg?* greatly affected the performance of the system. Based
on XRD and Rietveld refinement results, all ceramics crystallized into a
cubic garnet-structure with space group Ia-3d and had impurities. The
lattice parameter and cell volume slightly decreased with increased
Mg?* replacing Ca*. Importantly, with increased substitution of MgZ*
for Ca2+, the mean Vj_o decreased from 1.98 to 1.68, exerting increased
rattling effect. ¢, gradually increased from 10.5 + 0.1 to 15.4 + 0.1 with
increased x, whereas the theoretical ey, decreased gradually from 12.0 +
0.1 to 10.5 £ 0.1. The large deviation between ¢, and &y increased
rapidly from -8.9 % to 34.5 %, which was ascribed to the existence of
“compressed” and “rattling” cations leading to low and high polariz-
abilities, respectively. Moreover, the enhanced “rattling” effect caused ¢
to increase rapidly from —-64.1 + 1.0 ppm/°C to the large +267.2 + 1.0
ppm/°C. Q x f values decreased rapidly from 74,700 + 500 GHz to
15,370 £+ 500 GHz with x, which was attributed to the decreased
packing fraction, increased FWHM of the A;; modes, and enhanced
“rattling” effect. Additionally, Cay 75Mgj 25LiV3012 ceramics exhibited a
good compatibility with Ag electrodes, making it good candidate for
LTCC applications.

Fig. 8. XRD patterns and BSE images of Cay 75Mg; 25V3LiO12 ceramics co-fired
with 20 wt% Ag powders at 880 °C for 2 h.
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