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The dielectric properties of Ag ,Li
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NbO, (ALN2) ceramics were investigated in a broad frequency range

(20 Hz - 60 THz). The dielectric spectra of ALN2 ceramics are mainly impacted by electrical conductivity at higher
temperatures (above 400 K) and low frequencies (below 100 Hz), ferroelectric domains below ferroelectric phase
transition temperature T_ = 330 K and at low frequencies (below 1 MHz), and contribution of the soft ferroelectric
mode, the frequency of which is below 50 cm™. All phononic modes are slightly temperature dependent, thus con-
firming the influence of Ag, O and Li ions dynamics on the phase transitions. However, the most important contribu-
tion to the dynamics of phase transition is made by Nb ions. Ceramics exhibits a huge value of dielectric permittivity
and relatively low losses in a microwave frequency range (¢' = 250 and ¢” = 20 at 10 GHz and room temperature),
indicating that it is suitable for various microwave dielectric applications.
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1. Introduction

Nowadays the leaders in piezoelectric applica-
tions are barium titanate (BaTiO,) and lead zir-
conjum titanate (PZT) based materials. They
have very attractive piezoelectric and electrome-
chanical properties. However, the general strat-
egy is to eliminate PZT in practical applications
due to poisonous lead used in piezoelectric in-
dustry. Therefore, it is important to find new
materials with optimal piezoelectric features. It
is believed that piezoelectric lead-free niobate
based materials can be an alternative to already
known and used piezoelectric materials [EI]. One
of such materials is silver niobate (AgNbO,, AN)
that has a perovskite structure. Silver niobate is

the ferroelectric at room temperature, and its pi-
ezo coefficient is d,, = 0.24 pC/N, spontaneous
polarization is P, = 0.041 yC/cm? (in 11 kV/cm
electrical field) and P, = 52 yC/cm’ (in 22 kV/cm
electric field) B, .

The substitution of Ag by Li ions in mixed
Ag, Li NbO, (ALN) is a commonly accepted
method to improve ferroelectric and piezoelectric
properties of ceramics; particularly optimal piezo-
electric properties of Ag Li, NbO, are observed
for x = 0.065, that is close to the morphotropic
boundary (MPB) (i.e. for x = 0.05) [H]. The dielec-
tric properties of ALN were investigated mainly at
low frequencies (i.e. below 1 MHz) [E]. Togeth-
er with structural and polarization investigations
these results show that below the morphotropic
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phase boundary (i.e. x < 0.05) the anomaly related
to the ferroelectric phase transition shifts to lower
temperatures with the increase of Li concentration
and becomes more diffused, while the transition
between two antiferroelectric phases becomes
predominant [E]. Above the MPB (i.e. x = 0.05)
only two transitions are observed, the first one
trom the paraelectric, of not definitely determined
symmetry, to the monoclinic antiferroelectric
phase and then to the rhombohedral ferroelectric
phase [H, ]. In the latter concentration region
with the increase of Li concentration the anomaly
related to ferroelectric phase transition signifi-
cantly increases and shifts towards higher temper-
atures, while the antiferroelectric phase transition
related anomaly becomes broader. Microwave
dielectric properties of ALN ceramics were in-
vestigated only in Ref. [@]; however, in this work
investigations were performed only in a narrow
frequency range and dielectric anomalies related
to phase transitions are not clearly expressed. Pho-
non spectra in ALN were investigated mainly b
Raman spectroscopy [H, E]. However, in work [8]
investigations were performed only for x = 0.04,
while in Ref. [E] only at room temperature. Never-
theless, it is very well known that the main dielec-
tric dispersion in AN and AgNb, Ta O, (ATN) is
in the terahertz frequency range and it is mainly
connected with Nb or Nb/Ta dynamics [].
However, the impact of Ag and O ions dynam-
ics should not be neglected []. Therefore,
the dynamics of phase transitions and electrical
conductivity behaviour is rather unknown. These
problems become more important after recent in-
vestigations of AN by transmission electron mi-
croscopy [[l7] and suggestions of the use of AN
based materials in photovoltaic and energy stor-
age applications [[18-21]].

The aim of the work is to investigate phase
transition dynamics and electrical properties of
Ag . Li ,NbO, (ALN2) ceramics via broadband
dielectric and infrared spectroscopies.

2. Experiment

The Ag ,Li ,NbO, ceramics were prepared by
a conventional solid state reaction as described in
Ref. [E]. Dielectric measurements were performed
in a wide frequency range of 20 Hz - 12 GHz,
while IR measurements were performed in a fre-

quency range of 10-2000 cm™. For this purpose
several experimental techniques and apparatuses
were used. In the 20 Hz - 1 MHz frequency range
an LCR-meter Hewlett Packard 4284 was used
to measure the capacitance and the loss tangent
of samples, and a model of flat dielectric capaci-
tor was used to calculate the complex dielectric
permittivity. Measurements of complex trans-
mission and reflection coefficients were per-
formed using an Agilent 8714ET network ana-
lyzer in the 1 MHz - 1 GHz frequency range.
Below 1 GHz measurements were performed in
the temperature region 140-500 K. In this case,
a multimode capacitor model was used to obtain
complex dielectric permittivity. Measurements in
the 8-12 GHz frequency range were performed
using a scalar network analyzer R2400 produced
by Elmika company by placing a thin dielectric
rod in the centre of a waveguide and monitoring
the reflectivity and transmission coefficients. Sil-
ver paint was used to make the electrical contact.
Infrared reflectivity (IR) spectra were obtained by
a Bruker V80 spectrometer in the frequency range
10-2000 cm™'. For temperature dependent mea-
surements a Specac furnace was used.

3. Results and discussion

Temperature dependences of complex dielectric
permittivity for Ag , Li NbO, ceramics at differ-
ent frequencies are presented in Fig. . The dielec-
tric permittivity has the anomaly close to 330 K that
is related to the ferroelectric phase transition [E].
The increase of dielectric permittivity above fer-
roelectric phase transition temperature is related
to antiferroelectric phase transition, which is ob-
served at higher temperatures [ﬁ, E]. The contri-
bution of all infrared modes to the dielectric per-
mittivity has the clearly expressed maximum close
to the ferroelectric phase transition temperature,
indicating that the phonon contribution is less
important far from the antiferroelectric phase
transition temperature [E, E]. The maximum po-
sition of an imaginary part of complex dielectric
permittivity is frequency dependent (in the inset
of Fig. [ll there is the reciprocal measurement fre-
quency 7 versus the temperature of maximum loss-
es). The values of Arrhenius law fit parameters are
E,=0.35£0.004 eV and 7, = 27.43+£0.19 s (where E,
is the activation energy and 7 is the pre-exponential
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Fig. 1. Temperature dependences of the complex di-
electric permittivity for ALN2 ceramics at different
frequencies. The inset shows the temperature de-
pendence of relaxation time.

factor). The Arrhenius behaviour of relaxation
time is typical of dynamics of ferroelectric do-
mains [éﬁj. The microwave dielectric properties
of ALN2 ceramics are substantially better than
those previously reported for ALN ceramics [@]
and comparable with the best microwave proper-
ties of ATN ceramics [@].

Figure P shows the frequency dependence of
the real and imaginary parts of complex dielec-
tric permittivity of ALN2 ceramics. Three dielec-
tric dispersion parts can be clearly distinguished:
a) above 1 MHz, b) in the 100 Hz - 1 MHz range
below ferroelectric phase transition tempera-
ture (T ) and c) below 100 Hz and above 400 K.
The first one is related to the ferroelectric soft
mode that is related to ion dynamics similarly
as in pure AN []. Below 10 GHz frequency
only the beginning of this dispersion is observed.
The dielectric dispersion in the middle frequen-
cy range (100 Hz — 1 MHz) below T is related
to the dynamics of ferroelectric domains, as was
already discussed by analysing the temperature
dependence of dielectric losses. The dielectric dis-
persion below 100 Hz and above 300 K is related
to the onset of electrical conductivity.

Frequency (Hz)

Fig. 2. Frequency dependence of the real ¢ and im-
aginary ¢” parts of complex dielectric permittivity for
ALN2 ceramics at different temperatures.

The IR reflectivity spectra of ALN2 ceramics
measured at different temperatures are presented
in Fig. E

Solid lines correspond to the experimentally
measured spectra and dashed lines are the fits using
a commonly used generalized damped oscillator

model [P4]:
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Here w,, and w, . denote the transverse and longi-
tudlnal frequency of the jth phonon, respectively,
and y,.and y, , denote their corresponding damp-
ing constants. ¢ (w) is related to the reflectivity R(w)
by the formula

Je -1l o)
\/?-i—l .

The permittivity ¢_ resulting from the electron-
ic absorption process was obtained from the fre-
quency-independent reflectivity IR spectra above
phonon frequencies (i.e. above 1000 cm™) and
was assumed to be temperature independent. 16
polar modes were distinguished in the IR spectra

R=
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Fig. 3. IR reflectivity spectra of bulk ALN2 ceramics
measured at several temperatures. Solid lines corre-
spond to the experimentally measured spectra and
dashed lines are the fits using Eqs. (1) and (2).

of ALN2 ceramics in the temperature range 323-
450 K (Fig. H). Taking into account that the crystal
symmetry of ALN2 ceramics at room temperature
is rombohedral [E], the number of polar modes is
in good agreement with the factor group analy-
sis l[%@]. The dielectric spectra calculated accordin

to the obtained parameters are presented in Fig. f.
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Fig. 4. Temperature dependences of polar phonon
frequencies of ALN2 ceramics.
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Fig. 5. Frequency spectra of the real (¢”) and imagi-
nary (¢") parts of the dielectric permittivity obtained
from the fits of IR reflectance spectra (Fig. 3) for
ALN2 ceramics in the 30-1000 cm™ frequency range.

Frequencies of all phonon modes are temperature
dependent; however, the most pronounced tempera-
ture dependent modes are observed below 50 cm™.
By analogy with pure AN [[13-14] these low fre-
quency modes are related with the dynamics of Nb
ions. However, dynamics of other ions should not be
neglected due to the weak temperature dependence
of all other phononic modes (Fig. H).

4. Conclusions

The dielectric spectra of ALN2 ceramics are mainly
impacted by the electrical conductivity at higher
temperatures (above 400 K) and low frequencies
(below 100 Hz), and the contribution of the soft
mode, the frequency of which is below 50 cm™'. Be-
low T.= 330 K at low frequencies (below 1 MHz),
the contribution of ferroelectric domains becomes
also important. All phononic modes are slightly
temperature dependent, thus confirming the influ-
ence of Ag, Li and O ions dynamics on the phase
transitions. However, the most important contribu-
tion to the dynamics of phase transition is made by
Nb ions. Ceramics exhibits a huge value of dielec-
tric permittivity and relatively low losses in the mi-
crowave frequency range (¢' = 250 and ¢” = 20 at
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10 GHz and room temperature), indicating that it
is suitable for various microwave dielectric applica-
tions, similarly as ATN ceramics [R3].
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PLACIAJUOSTE Ag, . Li, ,NbO, KERAMIKU DIELEKTRINE IR INFRARAUDONOJI
o SPEKTROSKOPIJA
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Santrauka

Besviné pjezoelektriné niobato sistemos medziaga
galéty bati alternatyva jau Zinomoms ir naudojamoms
pjezoelektrinéms medziagoms. Viena i§ tokiy feroe-
lektriniy medziagy yra perovskito struktdros sidabro
niobatas AgNbO, (AN). Sidabro niobato keramika yra
feroelektrikas kambario temperatiiroje. Tyrimais nusta-
tyta, kad didinant li¢cio koncentracija sidabro niobato
junginyje feroelektrinio fazinio virsmo temperatiira taip
pat didéja. Siame darbe publikuojami Ag, . Li ,NbO,
(ALN2) dielektriniy ir IR tyrimy rezultatai. Tyrimai
atlikti placiajuostés dielektrinés ir IR spektroskopi-
ju metodais 20 Hz - 60 THz dazniy diapazone esant
140-500 K temperatiirai. ALN2 keramikos dielektri-

niams spektrams daugiausia jtakos turi elektrinis laidu-
mas (aukstesnei temperatarai (per 400 K) ir zemiems
dazniams (Zemiau 100 Hz)), feroelektriniai domenai
(zemiau T, = 330 K, esant Zemiems daZniams (Zemiau
1 MHz)) ir minkstos feroelektrinés modos, kurios daz-
nis yra mazesnis nei 50 cm™, jtaka. Ag ir O jony dina-
mika turi jtakos faziniams virsmams, tai lemia fononi-
nes modas, kurios $iek tiek priklauso nuo temperatiiros.
Svarbiausig indélj | faziniy virsmy dinamikg turi Nb
jonai. ALN keramika turi didziule dielektrinés skvarbos
verte ir santykinai mazus nuostolius mikrobangy daz-
niy diapazone (¢' = 250 ir ¢” = 20 esant 10 GHz ir kam-
bario temperaturai).
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