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SOME PROPERTIES 
AND APPLICATION OF FERROELECTRIC S AT MICROWAVES 

0. G. VENDIK, I. G. MIRONENKO and L. T. TERMARTIROSYAN 

V. I. Ulyanov (Lenin) Electrical Engineering Institute, Leningrad, P-22, USSR 

Resume. - La formule pour dkpendance de la frkquence de mode ferroklectrique suivant la 
temperature et le champ de polarisation est reGue conformkment avec I'expkrience connue. On a 
considkrk la contribution des mkcanismes de perte lies B l'klectrostriction et aux champs statiques 
dus aux dbfauts. On a requ une simple formule pour plusieurs paramktres klectriques des couches 
ferroblectriques. L'application pratique des ferroklectriques aux microondes est presentee par les 
expkriences avec un amplificateur parametrique a la frkquence de 109 Hz de la puissance pompage 
moins de 100 mW. 

Abstract. - The formula for dependence of the soft mode frequency on the temperature and 
biasing field has been obtained in a good agreement with known experimental data. The contri- 
bution of mechanisms of losses connected with electrostriction and statical fields produced by 
defects is considered. The simple formula for some electrical parameters of ferroelectric film is 
derived. Practical applications of ferroelectrics at microwaves are represented by the experiments 
on parametric amplifier at frequency 109 Hz with the pump power less than 100 mW. 

1. Introduction. - There are good reasons to 
believe that the applications of ferroelectrics at 
microwaves open the new way for the use of these 
materials in electronics. Concurrent with development 
of ultrasonic transducers, electrooptic modulators and 
elements of computor memory, the microwave appli- 
cations of ferroelectrics have to determine efforts of 
engineers and physicists working at the ferroelectri- 
city. 

2. Dielectric nonlinearity. - Modern theory of 
dielectrical properties of ferroelectrics is based on the 
lattice dynamics [l], [2] and particularly on the soft 
mode representation. We considered a motion of the 
soft mode in a crystal of BaTi0,-type starting with the 
assumption that the potential function of interaction 
between Ti and 0 sublattices is averaged by the motion 
of ions taking part in the thermal oscillations of non- 
ferroelectric modes of the crystal. The following 
dependence of the soft mode frequency on temperature 
and biasing field has been obtained : 

where 5 = EIE, normalized biasing field 

for T 9 8, (2) 

8, : characteristic temperature for the sublattice 
oscillation [3], [4]. 

Figure 1 presents the function o f2 (~ ,  T) eP1(E, T) 
plotted according to the formulae (I), (2) for SrTiOJa) 
in comparison with experimental data (b) [5 ] ,  [6]. The 
following parameters are chosen : 

To = 40 OK, BF = 84 OK, En = 2 x lo6 V/m, 
woo = 6.7 x 1 0 ~ ~ s - l ,  eoo = 2 x lo3. 

3. Dielectric losses. - Theoretical investigations of 
the part of an anharmonism in formation of dielectric 
losses showes that the 4-phonon processes take prefe- 
rence over 3-phonon processes [7]. The computations 
for 4-phonon processes are in good agreement with 
the experimental data for high-quality crystals of 

0 2 ~ ~  7') - SrTiO,. -- We considered the contribution to tan 6 of the other i ~ i , o  three mechanisms of the losses in ferroelectrics [8] : 
[(t2 + q3)lI2 + lI2l3 + [(t2 + q3)lI2 - cI2l3 - q 1. Scattering through the sample boundaries. 2. Scat- 

tering at the residual domain formations [9]. 3. Scat- 
for 5' + q3 2 O tering at the static field caused by defects [lo]. 

q for < = O , y > O  Apparently, the analysis of the losses nature in the 
- 2 1  for t = O , y < O  solid solution (Ba, Sr)Ti03 which has been made by 
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K. Bethe [11], has to be verified by the exclusion of 
3-phonon processes and taking into account the 
processes mentioned above. 

Figure 2 shows the dependence of tan 6 on frequency 
for a high-quality crystal of SrTiO, (a) and for a 
crystal with an appreciable block structure (b). The 
run of (a) is in line with the known data [l l] ,  1131, the 
maximum at (b) can be explained by the presence of 
charges at the block boundaries [lo]. 

If a ferroelectric film is to be considered it is impor- 
tant to take into account the transference of energy 
dissipated from electromagnetic field into substrate by 
hypersound. This phenomenon can appreciably reduce 
the temperature of the film element [12]. 

It is known from experiment that tan 6 increases 
under the intensive microwave field. The thermal 
phonons phasing arises under the influence of the 
microwave field which performs a role of pumping 
in this parametric process [14]. If the microwave field 
amplitude is rather great mentioned parametric 
process leads to the nonequilibrium distribution of 
thermal phonons with frequencies. This might turn 
out to be important when noise characteristics of the 
material is investigated. 

4. Ferroelectric films. - There are many experi- 
mental data concerning the dependence of E on the 
temperature for different thicknesses at low frequen- 

3 cies [15]. The characteristic feature of these data is 
$0 I / *  5 dependence of dielectric properties of the film on its 

thickness. The generally accepted explanation of this 
FIG. 1. - For SrTiO, : To = 40 OK, 0 = 84 OK, phenomenon is based on the assumption about the 

E,, = 2 x 106 V/m, oo,,, = 6,7 x 1012 S-1, E ~ , ~  = 2 x 103. specific properties of surface layers. But estimations 
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of the thickness and E of these layers are very different 
and numerically can differ by several orders [16]. 

We obtained the formula for effective dielectric 
constant of ferroelectrics above the Curie point which 
is not at variance with the experimental data : 

where h thickness of the film ; 1, radius of the Debye 
screening in the metal of electrodes ; r-correlation 
radius for a spatial dispersion in ferroelectrics ; 
E, E, are dielectric constants of bulk material at low 
and optic frequencies respectively. The value of r can 
be found from the neutron scattering data. If 1, = 7 A, 
r = 10 A, E = 18 x lo3, E, = 6, we obtained from (3) 
the curve zeff(h) which is plotted in figure 3 where the 
experimental points [15] are presented also. 

For the microwave applications of the films as 
well as of bulk materials the nonlinearity of E(E) is 
very important. This characteristic has to be found for 
the certain constructions of the elements because the 
field distribution in the element can influence the form 
of the function E(E) to a large extent [17]. 

Figure 4 presents the results of the experimental 
investigation of the planar condenser carried out on 
the base of the film of solid solution (Ba, Sr)TiO, 
with T, -- 0 OC. The film was obtained by fritting on 
the dielectric substrate with great thermal conduc- 
tivity. 

5. Parametric amplifier on the nonlinear dielectrics. 
- A parametric amplifier on the nonlinear dielectric 
has been investigated at 1967-68 1181. It was a dege- 
nerate amplifier at the frequency lo9 Hz operating at 
the room temperature. As an active dielectric the 
ceramics of a solid solution (Ba, Sr)TiO, with 
T, = - 8 0C was used. The stable amplification 
about 20 dB has been obtained, the pumping power 
being 0,4 W. With increasing pumpung, amplifier 

began to act as a generator. The pumping pulse dura- 
tion was 4 ps, the increasing of the pulse duration 
caused the decreasing of the amplification at the end 
of the pulse which can be explained by the heating of 
an active area in the nonlinear condensor. 

The noise properties of the parametric amplifier 
on nonlinear dielectric were tested with the double- 
circuit amplifier using a film active element from 
SrTiO, in continual mode of operation at the tempe- 
rature 800K. The signal and pumping frequencie 
were lo9 Hz and 4 x lo9 Hz respectively. The signal 
circuit was completely matched with the feeder. Under 
these conditions the noise temperature of about 
100 OK has been obtained. As may be inferred from 
some preliminary experiments the measurements of 
the noise temperature of a ferroelectric element being 
under the high microwave voltage can give interesting 
information about physical processes in the crystal 
lattice of the material. 

6 .  Acknowledgements. - We express our thanks to 
Prof. G. A. Smolensky for his helpful1 interest to our 
work. We are furthermore indebted to Dr. T. N. Ver- 
bitskaya, Dr. V. Y. Fritzberg and Mr. V. V. Smirny for 
samples of ferroelectrics and for taking part in the dis- 
cussion of this problem. 



0. G. VENDIK, I. G. MIRONENKO AND L. T. TERMARTIROSYAN 

References 

MURZIN (W. N.), PASINKOV (R. E.), SOLOVJEV (S. P.), 
Uspehi phizicheskih nauk (UPN), 1967, 92, 427. 

SMOLENSKY (G. A.), KRAINIK (N. N.), UPN, 1969, 
97, 657. 

BARRET (J. H.), Phys. Rev., 1952, 86, 118. 
COCHRAN (W.), Adv. in Phys., 1969, 18, 157. 
SAWAGUCHI (E.), KIKUCHI (A.), KODERA (Y.), J. Phys. 

Soc. of Japan, 1962, 17, 1666. 
WORLOCK (J. M.), FLEURY (P. A.), Phys. Rev. Letts., 

1967, 19, 1176. 
BALAGUROV (B. Y.), VAKS (V. G.), SCHKLOVSKY (B. I.), 

Phizika tverdogo tela (PTT), 1970, 12, 89. 
VENDIK (0.  G.), PLATONOVA (L. M.), J. Phys. Soc. of 

Japan, 1970, 28, Suppul. 61. 
VENDIK (0 .  G.), PLATONOVA (L. M.), PTT, 1970, 11, 

1069. 
VENDIK (0.  G.), PLATONOVA (L. M.), PTT, 1971, 13, 

1617. 

[Ill BETHE (K.), Proc. of the Europ. Meet. on Ferroelec- 
tricity, Saarbriiken, 259, 1970. 

[12] VENDIK (0. G.), SOKOLOV (A. I.), PTT, 1970, 12,3050. 
[13] RUPPRECHT (G.), BELL (R. O.), Phys. Rev., 1962, 

125, 191. 
[I41 VENDIK (0.  G.), PLATONOVA (L. M.), SOKOLOV (A. I.), 

PTT, 1969, 11, 808 ; Izv. AN SSSR, ser. phiz., 
1969, 33, 1167. 

[I 51 BURFOOT (J. C.), SLACK (J. R.), J. Phys. Soc. of Japan, 
1970, 28, Suppl. 417. 

MASSON (S.), MINN (S.), J. Phys. SOC. of Japan, 
1970, 28, Suppl. 421. 

[I61 GOSWONI (A. K.), J. Appl. Phys., 1969, 40, 619. 
[17] VENDIK (0.  G.), MIHALEVSKI (A. N.), PTT, 1970, 

12, 612 ; 1971, 13, 2202. 
[18] VENDIK (0.  G.), DAHNOVICH (A. A.), MIRONENKO 

(I. G.), TER-MARTIROSYAN (L. T.), Radiotehnica 
i electronika, 1969, 14, 555. 


