
а – residual piezoelectric hysteresis loops ;
b – values   of quantities as a function of temperatureLocal 
switching effect in SBTN films with different annealing temperatures

Polarization of SBTN film with annealing temperature 300 ° 
C after polarization with voltage ± 15 V and ± 20 V (in 

contact mode): a - immediately after polarization; c - 20 minutes after 
polarization; e - 40 minutes after polarization; b - 10 minutes after 
polarization; d - 30 minutes after polarization; e - 50 minutes after 

polarization
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The main stages of sol-gel process

The rotating speed  
2000 rev / min

Sol

T
he

 s
ub

st
ra

te

B

T
h
e 

d
ra

w
in

g
 s

p
ee

d
2
 m

m
 /

 m
in

Doping with
Sr(NO ) , Bi(NO ) ,3 2 3 3

NbCl5 Exposure of the 
sol in air for 2 days

Sol filtration

Thermo-treatmen in air

Spin- or dip-coating 

Dissolution of the 
initial salts 

(TaCl )5

Подложка 

S
ol

A

Sol

 Deposition of film-form solutions on the 
substrate by spin-coating ( ) or dip-coating ( )a b

SBT-films,  SBTN-films

 Deposition of film-form solutions on the 
substrate by spin-coating ( ) or dip-coating ( )a b

a - sample with T = 300 ° C; 
b - sample with Tm = 400 ° C; 
c - sample with T = 500 ° С; d - 

sample with T = 600 ° C;
 e - sample with T = 700 ° C.
Figure  - Topography of 

SBTN films

a b

Visualization of the induced domain state is possible after polarization of the film by applying a constant voltage to the "cantilever - film - substrate" system. For 

this, the surface of the film, measuring (2.5x10) μm2, was first polarized with a constant voltage of ± 15 V and ± 20 V, and then a larger area of   the film was scanned in 

the piezoresponse mode (15x15) μm2. The results are shown in Figures 1. It can be seen that the induced areas repeat the profile set by the probe during scanning. 

"Dark" and "light" areas indicate the opposite direction of the polarization vector. Analysis of the phase of the piezoresponse showed that "dark" regions correspond 
to domains with a polarization vector directed to the probe (hereinafter referred to as "negative" domains), "light" correspond to domains directed from the probe to 

the film (hereinafter referred to as "positive" domains).

Polycrystalline SrBi (TaxNb ) O (SBTN) films (700 °C annealing temperature) with different Nb content from 10 % to 50 %, with a step of 10 %, as well as 5 2 2-x 9

samples of SBTN films (20 % content Nb). Polarized areas are unstable and quickly relax. Figures 1 show scans showing the relaxation of the polarized state over time 

for samples annealed at different temperatures.
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